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‘INTERNATIONAL’ TD-24’S °: 


ON DUTY AT CHAMBAL 


In Madhya Pradesh and Rajasthan men 
and machines work day and night to 
harness the wayward Chambal for 
irrigating arid lands and generating 
cheap hydro-electric power for in- 
dustrial progress. 

A very important role in this ‘mighty 
adventure’ is being played by over 50 
International TD-24 Crawler Tractors 


which are fitted with a variety of 
suitable equipment to grapple with 
the toughest earthmoving jobs. 


On this, as on other river-valley pro- 
jects in. India, the TD-24 is doing a 
magnificent job, tackling the toughest 
earthmoving assignments with the 
characteristic ‘international’ 


efficiency and economy. 


ease, 


‘INTERNATIONAL’ TD-24 


WORLD’S MOST ECONOMICAL DIESEL CRAWLER TRACTOR 


Backed by the largest spare parts and service organisation in India. 
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Power for Everybody 


Shown above are the stators of three large synchronous 
generators for the Maithon Hydroelectric Station in India. 
Each generator has an output of 29,000 kVA at 11 kV and 
176.5 rpm. 


SIEMENS - SCHUCKERTWERKE AKTIENGESELLSCHAFT 


GERMANY 


SOLE REPRESENTATIVES IN INDIA: 


SIEMENS 
ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LIMITED 
STADIUM HOUSE, 81-83, VEER NARIMAN ROAD, BOMBAY. 


Branches: 
CALCUTTA AND NEW DELHI 
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We are proud to have contributed to India’s progress by supplying the 


Commercial Explosives required during the construction of the Maithon Dam. 


IMPERIAL CHEMICAL INDUSTRIES (INDIA) PRIVATE LIMITED 
Calcutta Bombay Madras New Delhi 


Ls b37- 
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PREPARED 
THE GROUND 


BLACKWOOD HODGE 


BLACKWOOD HODGE (INDIA) PRIVATE LTD. 
CALCUTTA e MADRAS e DELHI e BOMBAY 





ASSOCIATED COMPANIES BRANCHES WORKS AND AGENCIES THROUGHOUT THE WORLD 
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or miss 
here ! 













Dunlop Conveyor belts 
at the D. V. C. Project. 
(Photograph by courtesy 

of Eastern Equipment & Sales Ltd.) 


DUNLOP 





There is no ‘hit or miss’ policy 

in the supply of Dunlop conveyor 
belts for your installation. 

Dunlop’s world-wide experience 

and research are applied to the specific 
problems of Indian climate and 
conditions in the manufacture 
of conveyor belts 
at Sahaganj. 






Each belt is tailor-made to give you the 
optimum balance between various 
constructional features as best suited 
to your installation. Rigorous factory 
tests ensure top quality in supplies to 
the customer. Splicing at site is 
carried out by a Mobile Splicing 

team, an aspect of a thorough after- 
sales service in the field. 









conveyor belts 
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The expert's 


_ choice 


Hirakud Dam 


Vaitarna Dam 





Bokaro Thermal Station 
Rihand Dam 
Bhakra Dam 


Durgapur Barrage 
Kosi Project 
Koyna Dam 
Indian Air Force 


WINGET-KOEHRING CONCENTRIC ZONE MIXERS 
THE CONCRETE MIXER WITH THE PNEUMATIC TILT 


1, 2, 3 and 4 cubic yard capacities 


isk Vacks about it 
William Jacks € Co.Ltd. 


(Incorporated in England. Liability of Members Limited. ) 
CALCUTTA BOMBAY MADRAS 
Portable Models from 3/2 cu. ft. to 21/14 cu. ft. Always. in Stock 


WIJC-283 
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INDIAN OXYGEN is playing 


a vital role in building a more powerful and self-sufficient 
India in the Second Five-Year Plan. 


From transport to electric power, from the steel works to 
the oil refinery-every day our technical service 
is keeping the nation up-to-date with the od 


most modern methods of metal 


re 
ot 


fabrication, 





 enntannnnorisoenesenee 





THE INDIAN OXYGEN & ACETYLENE CO. 


PRIVATE LTD. 1OAK/67C 
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FERRANT! TRANSFORMERS FAMOUS THROUGHOUT THE WORLD 
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, Sole Agents in India: BRITISH INSULATED CALLENDER’S CABLES LIMITED 
Esplanade House, Waudby Road, Fort, Bombay | Post Box II! ~ 
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EVERY CUBIC YARD OF CONCRETE THAT HAS GONE TO MAKE 


MAITHON DAM OF D. V. C, 


HAS BEEN PLACED 


by 
THE FORTY TONS FULL REVOLVING 


GANTRY CRANES 


SUPPLIED BY 


Eastern Equipment & Sales Ltd. 


% BRABOURNE ROAD, CALCUTTA-lI. 


BOMBAY NEW DELHI MADRAS 
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Some Thoughts on the Damodar 


By P. 8. RAU, L.C.S. 
Chairman, Damodar Valley Corporation 


The Damodar Valley Corporation embodies a novel 
idea not only in its objectives but also in its constitu- 
tion. Never before had the eatire water resources of 
a region been considered in their entirety and plans 
made for their integrated exploitation. The idea first 
took shape in USA and the TVA was the result. Nor 
had any semi-autonomous body been set up for the 
administration of such a project in India, or indeed 
anywhere else in the world excepting again in the 
United States. That is the reason why the authors of 
the Project drew inspiration from the TVA and 
brought out experts from the United States to advise 
on the planning and the execution of this great 
Project. 


The time at which the Corporation was born is 
significant in more than one way. It was on the eve 
of Independence, at the end of.a long and exhausting 
war when the country was chafing against the restric- 
tions imposed by, and the stagnation implied in, 
foreign domination. This was clearly reflected 
in the debate on the bill which became the 
D.V.C. Act. Members vied with one another in extoling 
the benefits which the Project was to shower on this 
fair region which was one of the most fertile in the 
country enjoying a salubrious climate but had, alas! 
since become comparatively infertile and unhealthy . 
The speeches read like pages in a romance, and not like 
studied utterances of hard-headed legislators. The 
millennium was round the corner, and the land was 
waiting to flow with milk and honey,if only one turned 
the tap. We were going to convert hovels into cot- 
tages, usher ia light where there was darkness— 
the only thing that was left unsaid was that death 
would cease and immortality would follow. It is 
again remarkable that not a word was said of the 
many difficulties that were bound to be encountered. 
It was forgotten that the end of an international 
conflict waged on an unprecedeated scale was not ex- 
actly propitious for starting such a project in a country 
circumstanced as India then was, without anything 
like adequate technical personnel, without machinery 
and without foreign exchange. As construction gather- 
ed speed—it took some time to do so—we began to be 
disillusioned. 


Government looked to America for technical assis- 
tance. It was decided to have one or two American 
Chief Engineers and the construction was not to be by 
manual labour, to which we had been so far accusto- 
med, but by means of monster machines. Machinery 





and equipment were expensive, we were inexperienced 
in running and maintaining them and it therefore look- 
ed to one unacquainted with the facts of the situation 
that we were extravagant. 


If a dam like Maithon had been constructed by 
manual labour, it would have taken some 20 to 25 
years to complete. Some of the southern dams, e.g. 
the Krishnasagar dam took nearly as long, but we 
completed the Maithon dam in about five years. A 
man new to a trade somctimes makes mistakes and 
we forgot that we had to buy our experience. A 
certain amount of wasteful expenditure was perhaps 
inevitable, but by exaggerating it we only become 
despondent and discouraged. 


Not only are we impatient as a nation but are also 
hypercritical. The DVC was blamed for not complet- 
ing the irrigation scheme earlier. But the difficulties 
were many, financial stringency being one of them. 
There had been little detailed planning before the 
Project was launched—planning, as we now know, was 
not equally well-known or accepted before 1947. The 
Barrage and Irrigation project did not get really 
going till the end of 1952, and if everything goes on 
well it will be completed before the next monsoon. 
Water such as is available is not being utilised by the 
people, but this was not unexpected. Nobody familiar 
with the administration of irrigation schemes would be 
surprised to hear that the inhabitants of a tract enjoy- 
ing a fair rainfall are somewhat reluctant to pay for 
irrigation which they think they do not need. I recall 
the case of a similar but smaller irrigation scheme in 
east Central Provinces which commanded a black soil 
area enjoying a 60” average rainfall; which was about 
to be abandoned as the people were reluctant to take 
water, but when the war pushed up the prices of 
agricultural produce, the situation underwent a drama- 
tic change and practically the whole of the commanded 
area came under agreement. 


We are proud of our thermal station at Bokaro— 
in fact the whole country is proud of it. As the Prime 
Minister once remarked, it was one of the neatest 
power stations in the world. But because all the power 
was not sold immediately after the station was com- 
pleted, the DVC was blamed for wasting money on 
generating unwanted power! It was forgotten that 
there is an inevitable timelag between the generation 
and consumption of electric power. The station was 
declared open in February 1953. What is the position 
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today after four brief years ? All the three sets are in 
operation, as we cannot afford a standby. The instal- 
led capacity is 150,000 KW anda few days ago 152,000 
KW was touched with hydrogen cooling. We should not 
have been in this parlous position if we had succeeded 
in obtaining early sanction to add to our generating 
capacity. The Maithon hydel station—60,000 KW— 
should be fully ready in another 7 or 8 months’ time, 
and Panchet with 40,000 KW by early 1959. A fourth 
set of 75 mW is being addedto Bokaro and a station 
with 150 mW is being constructed at Durgapur. But 
the demand is such that even if we doubled our 
capacity today, we would not be able to meet it all. 
The answer is a very large power station in the third 
plan period to be put up somewhere in the coalfield 
near Bokaro. 


Estimates have undoubtedly gone up, so have they 
gone up everywhere else in the world, both at home 
and abroad. Today the estimate stands at Rs. 131.8 
crores. There have undoubtedly been frequent revi- 
sions of the estimates. That only shows that our 
engineers are over-optimistic and over-enthusiastic, 
but fundamentally honest. We thought we could 
complete the Maithon Dam in 2 years, then raised it 
to 3 and then to 4 years. These estimates have been 
pronounced, by the highest experts to be over-optimis- 
tic even according to American standards. Our Ameri- 
can friends do fot always realise that Maithon is 
not Philadelphia. But it is better to aim high and fall 
short than to calculate coolly, provide ample cushion 
both in time and money in the estimate and after- 
wards take credit for both economy and speed. 
Although I do not advocate over-optimistic estimating, 
the real test should be how much time was taken to com- 
plete the dam. Judged by these tests a, period of 5 


years is by no means excessive for a dam of the size 
and complexities of Maithon. 


The DVC in its original conception was not a mere 
dam-building organisation, although unfortunately 
it is fast becoming one. The authors of the scheme 
were idealists and had envisaged large schemes of 
industrial development, soil conservation, of social 
amelioration and improvement of public health. But 
by some mischance these activities were described as 
“development,” in the standard form of the budget 
framed under the rules under the DVC Act. Economy 
enthusiasts seized upon this to brand such vital parts of 
the scheme as soil conservation as ‘development,’ and 
proceeded to curtail them as unnecessary luxuries, for- 
getting that the Corporation was established as the 
preamble to the Act itself says, ‘‘for the development of 
the Damodar Valley’’. The whole scheme—the dams, the 
irrigation, the water supply, soil conservation, afforesta- 
tion, the power generation, the navigation—are all for 
the development of the Valley and there is little 
justification for singling out one or two as “‘develop- 
ment’’and starve them. Soil conservation, in particular, 
is the life-line of the scheme. If soil conservation 
continues to be neglected, as we have done so far, our 
reservoirs will be silted upand the dams will become 
useless. Soil conservation is thus second in importance 
only to the dams, and some voice more powerful than 
mine should be raised for its largescale extension. 


But when everything is said and done, the Damodar 
Project is a grand conception. If we have a little 
patience and wait till it is completed and the people 
begin to take full advantage of the many benefits it 
confers, then we will see that the Valley will be trans- 
formed with smiling fields, factories humming with 
activity and homes with healthy and happy children. 


Maithon dam (downstream face) spillway. 
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5O years of world - wide 
experience go into every 
job we undertake for you 


Behind ‘Cementation’ service lies the practice, skill and good 
judgement gained with 50 years of experience, under condi- 
tions of every known type, all over the world. ] 
Among these specialist services are: pre- and post- con- 
struction cementation; structural inspection, construction 
and repairs; exploratory drilling; bored piling; jet boring: 
geophysical prospecting; guniting; laboratory investigation; 
geological research and analysis. 

Backed by a staff of fully trained and widely experienced 
engineers, surveyors, scientists and designers, the employ- 
ment of ‘Cementation’ ensures that there is no job too small 
nor too tough which they cannot bring to a satisfactory 


conclusion. 
Te 
Cementation Company Ltd. 


STEELCRETE HOUSE, DINSHAW WACHA ROAD, BOMBAY-1 
BOMBAY - CALCUTTA - MADRAS 


THE CEMENTATION GROUP NOW COMPRISES 46 COMPANIES 
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Maithon Dam: 
An Accomplished Fact 





By A. M. KOMORA 
Chief Engineer, Damodar Valley Corporation 


The dedication of Maithon Dam completes the 
fifth major project by the Damodar Valley 
Corporation during the nine years of its existence. 
The other projects are Tilaiya, Konar, 
Bokaro Thermal Station and Durgapur Barrage. 
This is a record not even surpassed by the Tennessee 
Valley Authority in the United States during a 
similar period. 


Maithon Dam, as it stands today, seems an easy 
undertaking to the average layman. The works that 
are not seen are buried within and under the dam. 
Many heartaches and sleepless nights were experi- 
enced by everyone connected with the project. This, 
of course, is true with any major construction. All 
of the men connected with such an undertaking con- 
sidered it a challenge and put out their best efforts to 
get the job done. There is no “‘clock-watching” by 
the construction personnel. 


The design of Maithon was perfectly executed. 
The natural terrain existing at the site was fully taken 
into account. But what the designers did not foresee, 
and no one can with any degree of certainty, are 
the natural conditions as they exist below the sur- 
face. Test borings were made at the site to determine 
the nature of the soil, the depth of sand in the river 
bed and the probable quantity of suitable borrow 
material for the earth portion of the dam. To quite 
an extent the findings did not come up to expecta- 
tions. Borrow pits for earth did not yield the expec- 
ted volumes. Rock pinnacles and boulders were 
encountered in the diversion channel where none 
were supposed to exist. The net result was that it 
taxed the ingenuity of the engineers to the utmost 
to go ahead with the job. It is gratifying to say that 
each and every man met the challenge and, somehow 
or other, found ways and means to overcome the 
natural obstacles. 


The Corporation made a wise decision to have the 
major portion of the designs for the dam prepared in 
India under the guidance of a foreign expert. This 
proved to be extremely useful and economical in 





excavating the diversion channel and constructing 
the earthen dam across the Barakar River. Monthly, 
weekly and almost daily the designers at site were 
able to alter and modify their designs so as to utilize 
every available cubit yard of excavation in place- 
ment in the earthen dam in the right spot. 


Actual construction of the dam was started in 
April 1952 on the right dyke of the earthen dam. 
This was, more or less, a trial period. Practically none 
of the engineers and certainly very few of the opera- 
tors of heavy earthmoving machinery had had any 
experience in this type of work. From April to the 
end of June of 1952 a team was welded together to 
undertake the excavation of the diversion channel 
and simultaneously to construct an earth-cum-rock 
dam across the Barakar River. The task involved 
the movement of over 1,500,000 cubic yards of 
earth and rock in a short space of eight months. 
It is a tribute to the Indian engineers and construc- 
tion personnel that they were able to complete the 
assigned task. 


Many superlatives might be claimed for Maithon. 
It has the largest crest gates ever installed on any dam 
in India. It has the first underground power station 
in all of South East Asia. But superlatives in them- 
selves are meaningless. Any major project can claim, 
and generally does, credit for being the first to do 
this or that. Such claims do not matter in the long 
run. The thing that matters the most is the man. 
India, after its independence, found itself with a 
paucity of experienced engineers and construction 
personnel to execute its many planned river valley 
projects. Today the picture is somewhat better. 
Projects such as Bhakra, Hirakud and the DVCare 
turning out men who can take charge of similar under- 
takings in the future. Assistant Engineers have grown 
into Executive Engineers and on to Superintending 
Engineers. The demand for this type of experienced 
personnel will be endless. This applies equally true 
to all categories of operators, mistries, etc.. More 
than the physical completion of Maithon is the fact 
that it has turned out men who can undertake similar 
tasks in the future. 
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Project Features and 


Design Aspects of Maithon Dam 


By N. M. CHAKRAVARTY, Superintending Engineer (Designs) and N. C. MUKERJEE, Project Officer 


(Designs). Maithon Dam Project 


Maithon Dam, the third dam completed by D.V.C., 
consists of 2061 ft. of Main Earth Dam across the 
Barakar river and 1195 ft. of gravity concrete dam 
with its spillway across the diversion channel. The 
right dyke 7150 ft. long connects the concrete dam 
with the high ground in the west; the three left 
dykes on the left bank join the hillocks and high lands ; 
thus a reservoir of about 40 sq. miles with about 
1.1 million ac.ft. capacity at full reservoir level is 
formed. The powerhouse is located underground in 
the left bank and is the first of its kind in India and 
second in Asia. A gothic arched tunnel was construc- 
ted in the left bank to divert the dry weather flow 
during the first construction season. This tunnel has 
been finally utilised as the tail tunnel for the under- 
ground powerhouse. Fig. 1 shows the general layout 
of the Maithon Project. 


The Barakar river bed at Maithon has an alluvial 
deposit of sand with a maximum depth of 70 ft. 
above bed rock. Earth dam was therefore found to be 
the most economical type of dam for this foundation 
condition. Expensive foundation excavation was thus 
avoided and the main dam stands directly on river bed 
sand. To reduce seepage losses, an impervious blanket 
at the upstream toe extending upto 600 ft. from the 
axis of the dam and a single row of steel sheet piles 
driven through sand to bed rock below have been 
provided. The sheet piles are located 20 ft. upstream 
from the axis of dam and project 20 ft. into the im- 
pervious core above the river bed. 


The Main Earth Dam is a rolled fill zoned embank- 
ment. The central impervious core is of inverted T 
N. M. CHAKRAVARTY 


shape. The upstream 
face of the core with 
0.35 horizontal to 1 
vertical slope and the 
downstream vertical 
face meet the bottom 
impervious blanket as 
shown in typical section 
of earth dam (Fig. 2). 
The shoulder fill mate- 
rial upstream and down- 
stream of central core 
is composed of imper- 
vious, semi-pervious 
and pervious graded ma- 
terials placed in layers 





with finer rollable materials near the core and coarser 
towards the outer ends. The upstream side of the dam 
is protected with rock of varying thickness. Dumped 
rock approximately 30 ft. thick is provided from the 
top of blanket upto El. 420. Above that elevation, 
rock riprap of 3 ft. to 18 in. thickness on underlying 
crushed rock filter 10 to 12 inches thickness has been 
neatly placed by manual labour. The upstream fi- 
nished line of dam has a horizontal to vertical slope 
of 3: 1 for the lower part and 2:1 for the upper few 
feet. A continuous rubble masonry stone parapet 
has been provided on the top of the dam at the 
upstream end. 


The downstream side has a horizontal to vertica] 
slope of 2.25 : 1, the continuity of which is broken 
by 3 berms 10 to 13 ft. wide at three different eleva- 
tions. For a short distance at top above El. 491, 
the downstream slope has been steepened to 2 hori- 
zontal : 1 vertical. The downstream toe is composed 
of dumped rock to provide necessary weight and 
also drainage area for the seepage water. “Giant 
Star’ grass has been planted on the entire downs- 
stream face above the rock toe on 10 inches thick 
top soil to prevent scour and rain cuts. 


The maximum height of main earth dam is 162 
feet above river bed. 


The zonal embankment section as described above 
and as shown in Fig. 2 was adopted mainly from the 
consideration of availability of materials. The diver- 
sion channel which was excavated during the first 
working season supplied 5,74,000 cyds. of impervious, 

N. C. MUKERJEE 6,10,000 cyds. semi-pervi 
ous and pervious and 
2,66,000 cyds. of rock to 
build the first stage cons- 
truction of earth dam 
(shown by chain dotted 
line in Fig. 2). Additional 
materials required for this 
section was obtained from 
borrow areas. For cons- 
truction during subseq- 
uent years materials were 
obtained from left bank 
*» and right bank borrow 
pits and rock quarries. 
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The earth dam section adopted from the point of 
availability of materials was checked for stability by 
the modified slip-circle method of Mr. D. R. May 
of U.S.B.R. The upstream slope was analyzed for 
various conditions i.e., (1) Reservoir full, steady 
seepage (2) Rapid draw-down of the reservoir with 
earthquake force equal to 0.1 gravity applied hori- 
zontally (3) Construction condition when pore pres- 
sure equal to 1.25 times the height of the impervious 
soil assumed acting as hydrostatic pressure. Similar- 
ly downstream slope was also ‘analysed for different 
conditions. 


Foundation shear stress of earth dam was analysed 
by using Rendulic method as presented by Dr. 
Terzaghi. 


A clay pocket on the dam foundation was detected 
on the right bank of the river. This material had a 
very low shear strength and analysis revealed that 
usual section of the earth dam would be unsafe here 
though clay was partially removed from this pocket. 
Stabilising fills for both upstream and downstream 
sides were therefore designed and constructed to 
have safe factor of safety of the dam section at this 
zone. 


Roadway as per I.R.C. Class A specification has 
been provided on the top of the dams and right dyke 
joining Maithon-Kumardhubi road. The dyke section 
has been provided with the same top width and side 
slopes as Main Earth Dam. For portions ofthe dykes 
which do not carry roadway on top, the section was 
however reduced. The dykes are homogenous rolled 
fill embankment having a maximum height of about 
50 ft. 


A breaching dyke has been suitably located between 
two hillocks to act as a safety plug which will give 
way and thus save the earth dam structure if an ex- 
traordinary unforeseen flood more than the design 
flood occurs. 


The concerete dam is of gravity type and is situated 
on right bank of the river with spillway located in the 
diversion channel. A 40 ft. length of embeddment 
into the earth dam has been provided to reduce see- 
page at the junction. The concrete dam is founded on 
fresh rock and there was practically no foundation 
problem so far this dam was concerned. The up- 
stream face of the dam is vertical whereas the down- 
stream face of the non-overflow section has a hori- 
zontal to vertical slope of 0.7 to 1 and the down- 
stream of the spillway section has 0.75 to 1 slope. 
A 35 ft. radius upturned bucket is provided at the 
toe of the spillway to throw the water jet at a safe 
distance from the foundation of the dam. Since the 
foundation rock is very good, this form of energy dis- 
sipator was found to be most economical. Figs. 3 & 4 
show sections of abutment and spillway respec- 
tively. 


An earthquake acceleration of 5 percent gravity 
applied horizontally was assumed in the analysis of 
the stability of conaete dam. 


With reservoir empty, the earthquake forces were 
assumed to be acting in an upstream direction and 
with reservoir full, the inertia forces caused by the 


dam and the water were assumed to act in a down- 
stream direction. 


A wind load of 30 lbs per sq. ft. was assumed to 
act on vertical projection of all exposed surfaces 
and the same for unloaded bridges was taken as 50 Ibs 


per sq. ft. 


The factor of safety against sliding was checked 
with usual formula. 


For undrained sections in concrete, or between 
concrete and rock, uplift pressure was_assumed to 
act over 100% of the area, and to vary as a straight 
line from % of full tailwater pressure at the upstream 
edge, to % of full tailwater pressure at the downstream 


edge. 


For drained horizontal sections in concrete and for 
foundations having drainage provisions, uplift pre- 
ssure was assumed to act over 100% of the area and 
to vary from full headwater pressure at the upstream 
face, to tailwater pressure plus one-quater of the di- 
fference between headwater and tailwater pressure at 
the line of drains to full tailwater pressure at the 
downstream face. 


A tension not exceeding 5 psi has been allowed in 
concrete under normal condition of loading and when 
earthquake forces and/or wind were considered, the 
maximum tension in concrete was not allowed to 
exceed 25 psi. 


For facilities of construction and controlling the 
heat of hydration of concrete the entire length of the 
dam with abutment and spillway sections has been 
divided into 23 blocks of 51 ft. each. Only the first 
block at the right hand end was made 67 ft. long for 
adequately keying the structure into the existing 
topography. It was found convenient to pour con- 
cerete in 6 ft. heights in each block. 


The 12 blocks of spillway are each provided with 
40 ft. high x 41 ft. wide tainter type crest gates at 
El. 460 for flood control. Besides five Under- 
sluice service gates, each 10 ft. high x 5 ft. 8inch 
wide, are provided in the body of the spillway with 
centreline at El. 397. Operation of undersluice 
gates will be done from an operating gallery 7 ft. 
wide by 14 ft. 6 inch. high. 


A drainage-cum-inspection gallery 6 ft. by 10 ft, 
high runs practically through the entire length of the 
dam. Provision for curtain grouting the foundation 
from this gallery has been made. 


Water from foundation drains and formed drains 
collects in a sump provided in block 15 of the con- 
crete dam from where it is pumped and dis- 
charged to the channel downstream. Two 7} H. P. 
300 gallons per minute capacity pumps have been 
provided for this purpose. They work together or 
one at a time depending on the water level in the 
sump. The pumps start and stop automatically and in 
case of any failure indication is given by an alarm 
signal. 


It is hoped that the natural scenic beauty of the 
reservoir with massive earth and concrete structures 
will ever remain a thing of beauty and joy. 
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4» At 200-tons per hour, aggregate for damming the Barakar River 
moves by S-A Conveyor fromthe secondary crusher (right 
foreground) to a battery of S-A screens over storage bins. 


4 A conveyor beit under these storage bins reclaims aggregate and 


moves it to the concrete batching plant as needed. Underground 
S-A conveyor is 720-feet long and handles 300-tons per hour. { 


Conveyors Have Helped Completion of 





MAITHON DAM 
AND 
ARE NOW BEING EMPLOYED TO COMPLETE 


PANCHET HILL DAM 
OF 


DAMODAR VALLEY CORPORATION 


Man facturers’ Representatives : 





Eastern Equipment & Sales Ltd. 
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Concreting Plant at Maithon Dam 


By B. PARTHASARATHY 
Deputy Chief Engineer, D. V.C. 


Most of the dams constructed in India are of mason- 
ry and were built at a time when mechanisation was 
not largely adopted. These dams required considerable 
time to build and consumed enormous manual labour. 
As one foreign engineer remarked, these methods were 
time-consuming. In the context of present-day develop- 
ments and the necessity for achieving the purpose for 
which the major dams are constructed, it is necessary 
to cut out on time to the extent possible. There are 
many areas in India where masonry would be very 
expensive particularly in view of suitable stone not 
being available at or near the site for quarrying. 
The answer to this problem is construction of dams 
in concrete. 


Concrete dams require rather elaborate construction 
plant lay-out when compared to masonry construction. 
In fact, the success of a concrete dam construction 
depends primarily on a carefully planned construction 
plant system with judicious selection of the compo- 
nent equipment. Only by correct planning can the 
job be carried out economically and efficiently and to 
target. 


In this article an attempt has been made to give a 
very brief sketch of the concreting plant actually 
used in the construction of the Maithon Dam. The 
total quantity of concreting involved in this construc- 
tion was 340,000 cu. yds. When designing this 
equipment the requirements of the Panchet dam 
were kept in mind and the plant would serve both 
Maithon and Panchet dams, thus reducing the expendi- 
ture‘on any single project ou this score. 


The Maithon equipment was designed by taking into 
consideration the availability of different makes of 
equipment and were put together to make one compo- 
site conereting plant. With the exception of the diesel 
locomotives for shunting the rakes, all other equip- 
meats were electrically driven, power supply availa- 
ble being 3 phase, 50 cycles, 400 volts. 


The concreting plant composed of aggregate crush- 
ing and screening system, the cement storage and 
handling equipment, the concrete mixing plant and 
the concrete transfer and placement equipment. 


The aggregate system covers crushing, screening, 
conveying and storing of the aggregates. As natural 
gravel was not economically available for use in con- 
crete, a crushed aggregate design was used. The system 


comprised of (a) one Primary Crusher and one Secon- 
dary Crusher (6) one sand-washing plant and (c) a 
series of vibrating screens and conveyors. 


The plant was designed to crush and screen run-of-the- 
quarry stones upto 36” in size and to deliver the sizes 
and the approximate quantities to each stock-pile 
indicated on the aggregate-flow diagram. The Primary 
Crusher used was of the gyratory cone type with a 
capacity of 200 tons per hour. The maximum size 
of the crushed stones was required to be 6” and as 
nearly cubical as possible. The Secondary Crusher was 
of the gyrosphere type with a minimum capacity of 
70 tons per hour. This Crusher was meant to break 
down over-sized rocks above 6” rejected from the 
scalping double deck screen B.1 (see diagram). Choice 
for the gyrating type Primary Crusher andgyrosphere 
type Secondary Crusher was made owing to the fact 
that with the former type the quantity of flat and 
elongated pieces produced is comparatively small 
due to their curved breaking surfaces. With the shape 
of the individual pieces approaching cubical forms the 
workability of the resulting concrete is increased. 


The Primary Crusher was fed by dumpers transport- 
ing boulders directly from the quarries, where they 
were loaded by shovels working at the quarry face. 
The crushed materials were conveyed by a screen 
past the scalping screen over the Secondary and after 
secondary crushing of the over-size pieces, they were 
conveyed to the screening plant. The diagrams will 
give a pictorial view of the equipment described. 


The sand-washing plant was of the spiral classifier 
type having a capacity of 85 tons per hour. Tipping 
lorries transported river sand from the Barakar river 
to the plant. The classifier consisted of an inclined 
tank containing a revolving spiral. The ribbon of the 
spiral formed a double-pitch screw. The spiral struc- 
ture effected the necessary agitation in the pool and 
conveyed the settled sand up the bottom to the sand 
discharge lip. Feed was introduced substantially at the 
pool level through one side at a distance from the 
overflow weir equal to about half pool length. To 
permit a close control over the water-cement ratio and 
compensation in weigh-batching it was important that 
the sand is delivered to the batching plant with a more 
or less uniform and low moisture content. Adequate 
drainage of the sand pile was ensured by locating the 
pile on a site sloping outward from the centre. 
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Aggregate Screening and Conveying Plant at Maithon 


The conveyors were installed keeping the maximum 
degree of inclination to horizontal to 18°. The 
vibrating screeas, that were used, effectively worked 
and no difficulty was encountered for the smooth 
and uniform functioning of the conveyor system. It 
may be worthwhile mentioning that 7}”’, 33”, 1%’, 
7/8” and 3/8” size openings were kept in the screens 
for separation of aggregates to 6”, 3”, 14”, 3” and }” 
sizes. This was done in order to have the desired sepa- 
ration of aggregates more easily as found by experi- 
ence. Owing to the abrasive nature of the aggregates, 
it was necessary to keep ready stocks of spare screens 
for each size which was done. The horizontal method 
of screening plant lay-out adopted necessarily meant 
gravity storage of the aggregates and the different 
stacks of each size were separated by masonry walls. 
The gross storage capacity of the stockpile was about 
40,000 tons. Provision of a sizable stockpile as pro- 
vided enabled continuity of the concreting operation 
which had to be maintained irrespective of break- 
downs in the quarrying and aggregate systems over 
substantial periods of time. This requirement of rather 
big size stockpile is one of the principal reasons for 
designing a horizontal screening plant lay-out in pre- 
ference to vertical system of screening. Rock ladders 
were introduced to prevent segregation and breakage 
of aggregates, which is invariably associated with the 
gravity type of storage system. 


The reclaiming tunnel was located under the full 
length of the storage piles and was built of reinforced 
concrete. Tunnel discharge gates constructed with 
C.I. frames, steel chutes provided with steel operating 
mechanism for lifting and lowering were fixed to the 
roof of the reclaiming tunnel below the stockpile to 
enable the aggregates to be drawn on to conveyor 
C-8 as and when required. The hinged chute was 
raised and lowered by means of a hand operated 
winch. Four 33” x26” and sixteen 21” x18” gates 
were fitted in all. Each stockpile had at least 
2 discharge gates at the bottom. Reclaiming simulta- 
neously by more than one gate located below the parti- 
cular stack helped to remedy the problem of segrega- 
tion of the aggregates. 


As the quantity of earthy matter in aggregates was 
rather large and could not satisfactorily be remo- 
ved by washing or other means, the pile of screen- 
ed aggregates of sizes below }” was not used for the 
concreting purposes. 


Thesupply of cement from manufacturers is general- 
ly in spurts and continuous supply of cement has to 
be ensured for correct functioning of the concreting 
plant. It is also necessary to have storage of cement 
independent of the feeding of the batching plant. 
Hence three silos of 1000 tons capacity each were 
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installed to receive cement in bulk. The handling of 
the cement from the railway wagons to the silos and 
from the silos to the batching plant was carried out by 
3 portable Fuller-Kinyon pumps fitted with 5” bore 
flexible cement hose and 24” bore ficxible air-line. 
The capacity of each pump was 20 tons per hour 
pumping against a head of 75 ft. Each pump was 
equipped with a rotating feeder disc to pick up cement 
from the floor and move it to the mouth of the main 
screw-feed in the pump. An air stream at 30 lbs. per 
8q. inch pressure conveys the cement through pipelines 
to the silos. Three rotary compressors of 450 cu. ft. 
per minute capacity each were specially installed 
fo: air suoply to the pumps. Cement was delivered to 
the site of the silos by the railways in standard closed 
water-tight wagons. Difficulty was experienced in 
obtaining these special wagons and also transporta- 
tion of the bulk cement was avoided during the wet 
months. The snortfall of bulk supply was made up by 
supply of cement in gunny bags as per standard 
practice. This loose cement from bags was pumped 
into the silos to make the batching plant operation 
automatic and continuous. 


The concrete mixing plant consisted of two struc- 
tures, one within the other. The outer structure of struc- 
tural steel contained material bins, weigh batchers 
and other equipment not rigidly connected with the 
mixers. The inner structure of reinforced concrete 
carried only the concrete mixers and their accessory 
equipment. The principal reason for separating the two 
structures was that the separate structure for the 
mixers effectively prevented the transmission of vibra- 
tion during operation to the delicate automatic equip- 
ment of the weigh-batching system, thereby ensuring 
accuracy and reliability in weigh-batching. The 
plant was designed for a capacity of 180 cu. yds. 
per hour. Since the aggregate was fed to 3 cu. yds. 
tilting mixers in succession, it was not possible nor 
desirable to operate such complicated system manual- 
ly and the automatic system was adopted to achieve 
reliable batching and high-speed production. A 
continuous visible record by automatic graphic recor- 
ders was made regarding measurement of each separa- 
te material that went into the mix, including the water. 
A diagramatic sketch showing the flow of materials 
through this plant is appended. 


We have now come to the stage of mixed concrete 
ready for conveyance and placement in the dam. 
Three diesel shunting locomotives operating on broad 
gauge tracks were used to transport the concrete. 
Three standard open broad guage flat wagons were 
procured from the railways and modified to a 
certain extent to be used as transfer cars. Each loco- 
motive was designed to pull a 20 ton load at 9 miles 
an hour and at an adverse gradient of 1 in 75. Thus 
each transfer car carrying one full 6 cu. yds. bucket, 
aggregating a weight of 15 tons, could easily be hauled 
up by the locomotive. The rail track was erected on a 
level throughout. 


A 1000 ft. long trestle bridge, involving steel work of 
about 1000 tons, was erected over the bucket portion 
of the dam. Two all-electric revolving cranes of the 
following specifications operated over this trestle 
bridge for lifting and placing the concrete in tne dam 
and also to handle the materials for formwork and 
other construction equipment like welding machines, 
vibrators, etc., etc. 


.. 14 tons. 
.. 40 tons. 


Lifting capacity at 125 ft radius 
Lifting capacity at 40 ft. radius 


The formwork used was maialy of steel, wood being 
used in special situations. The erection of the 12 
radial spillway crest gates was also done by these 
cranes. 


Six buckets for conveying concrete were provided, 
each of 6 cu. yds. capacity. These low slump con- 
crete buckets were fitted with double clam type dis- 
charge gates. The gate opening mechanism could be 
actuated by one man carrying a light air hose provided 
with a quick release air lance and a push fit connect- 
ion for attaching to a receptacle in the bucket, the 
gates being of self-closing operation type. 


For consolidation of the concrete eight 2-man type 
pneumatic concreting vibrators were used on the job. 
The specifications for the vibrators were : 


Frequency 

Capacity 

Weight 

Length of Vibrator Tube 
Diameter of Vibrator 


7,000 vibrations per minute. 
35/50 cu. yds. per hour. 

83 Ibs. 

18 inches. 

54 inches. 


Each six-feet-lift height of the dam was tackled in 
four layers of 18” each using ‘step’ method of place- 
ment, starting from the downstream side and proceed- 
ing upstream over the full width of the blocks. Vibra- 
tion was carried out by 18” long tube vibrators as 
described above. 


In conclusion the practical results obtained by 
using this composite concreting equipment have been 
gratifying. The equipment has already been transferr- 
ed to the Panchet Project and in the coming season it 
will have to do a peak production to the target of 
completing bulk of concreting work before the onset 
of monsoon in 1958. 


The 40-ton Full Revolving Gantry Cranes at Maithon 
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CICO—WATERPROOFING & CEMENT IMPROVING COMPOUND 


Foundation of our futur 


With the successful completion of the 
Maithon Dam another foundation 
is laid for the future of India’s prosperity 


PRONOUNCED CHE-KO paar es 
—it will irrigate thousands of acres 
of land — supply power to houses, farms 
REGD. and factories. The foundation laid 
has been made stronger with CICO 
THE Cement Improving-and Waterproo- 


fing Compound. 


STRUCTURAL WATERPROOFING 
COMPANY PRIVATE LIMITED 


21/1, DOVER ROAD, BALLYGUNGE, CALCUTTA-I9 
Telephone : 47-2684 Gram: “AQAPROOF” Calcutta 
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Selling Agents : 


MENT IMPROV 


GILLANDERS ARBUTHNOT & CO., LTD. 
For Madras, Delhi, U.P. Bhopal, Rajasthan, 
Jammu & Kashmir. 

ECLIPSE ENGINEERING COMPANY 
For Bombay 

BIRD & COMPANY (Private) LTD. 

For Punjab, Pepsu & Himachal Pradesh. 
GIADSTONE LYALL & CO., LTD. 

For Assam, Bihar, Saurashtra & Andhra. 

R. M. & COMPANY 

For M. P. (except Bhopal) 


CICO has wonderful properties for 


increasing the strength and quick 
hardening of the concrete. CICO will 
seal leaky joints of masonary and 
can even be used when water is pouring in. 


It is specially suitable for Tunnels, Roads, 
Shafts, Bridges, etc. 


PRONOUNCED CHE-KO 


REGD. 
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Spillway Crest Gates 
and their control 





By B. B. CHATTERJEE 
Project Officer, Maithon Dam Project, D.V.C. 


Crest gates erected at Maithon spillway are designed 
as radial type ones, and are among the largest radial 
type crest gates in the world. The sequence and 
techniques of fabricating such large gates naturally 
assumed great significance, and the highest degree 
of technical and fabricating knowledge was demanded 
in their design and manufacture. The concrete spill- 
way has been harnessed with 12 such massive gates, 
each 40’ high x 41’ wide. To take special care of the 
flood control envisaged, a unique feature is intro- 
duced in the operation of these gates by providing 
interlocking controls to obtain stepped raising of the 
gates in moderate increments and in sequence, so as 
to prevent improper operation under which excessive 
volumes of water might be released. It is this specia- 
lity, to be described in detail later on, that has made 
the crest gates at Maithon quite conspicuous. 


Structural Features 

The gates spanning 41’-0” clear between piers 
aad rising 40’-0” above the crest of the spillway have 
been designed as an all-welded structure, thus en- 
suring a high degree of rigidity and water-tightness, 
and have eatailed the usage of 1,041 tons of structural 
steel for their fabrication. Care was taken so that 
members remained true to shape after welding, and 
distortion and shrinkage stresses were eliminated. 
The skin plate curved to a radius of 37’-9” at the 
downstream face, takes the total water pressure 
directly and transmits it to the 19 curved tee ribs 
spaced 632 mm centre to centre and fillet welded to 
the downstream face of the skin plate. Three differ- 
ent thicknesses of skin plate (8 mm, 12 mm, & 
15 mm) have been improvised to keep the stresses 
developed within allowable limits. All the four 
vertical and two horizontal splices are butt-welded. 
Three horizontal all-welded plate girders, supported 
by a pair of radial arms, act as portals, and transfer 
the load from the curved ribs on to the trunnion pin. 
All the three radial arms on each side have been desi- 
gned to lie in one vertical plane to make the thrust 
transmitted by the arms on the pin coplanar and to 
simplify the connection of bracings between the arms. 
The radial arms converge to a hub rotating on the 
16” diameter horizontal trunnion pin, supported by 
a pedestal, which in turn is bolted to the embedded 
anchorage. The whole thrust is thus finally taken up 
by the anchorage beam which runs through each pier. 


Rubber seals used are of “J” type and slide on a 
stainless steel plate provided on the pier face. The 





two side seals extend upto the normal power pool 
E1.480-0 only. Any extension beyond this was not 
considered to be necessary in view of the likely disin- 
tegration of the quality of that portion of the seal, 
which would be rarely submerged in water. 


The hoisting of the gate to any desired position is 
effected by two triple supported flat link type chains 
provided on either side of the gate, and while con- 
necting with the top and bottom lugs welded to the 
upstream face of the skin plate, it engages the sprocket 
wheels above, which are driven by their respective 
motor. A stop bar has been fixed projecting from 
either of the pier face at E1.501.47 to stop the gate 
after a travel of 63°21’ in case the limit switch fails 
to function. 


Scheme of Operation 

In the early scheme of flood control, the discharge 
from the Maithon dam was limited to 70,000 cusecs 
by the capacity of twenty undersluices. This 70,000 
from Maithon along with 140,000 from Panchet Hill 
plus another about 40,000 from the uncontrolled 
catchment downstream from the dams made a total 
of 250,000 cusecs, corresponding to the “‘bankful” 
capacity in the lower reach of the river. This selec- 
tion envisioned almost all normal floods as being 
routed through the undersluices only, and crest gates 
were meant to be used only when the reservoir level 
rose to the point of endangering the structure i.e., 
to top of gate E1.500. When all undersluices and 
crest gates were wide open, a design outflow of 
520,000 cusecs could be passed. 


Subsequently, the number of undersluices was 
reduced to six to effect considerable economy and 
speeding up of the construction programme, 
thus reducing the capacity of the undersluices to 
about 20,000 cusecs. The undersluice discharge then 
became inadequate for effective flood routing, and 
thus the automatic safety factor of using only the 
undersluices and thereby always staying within the 
“bankful’ limits, totally disappeared. The crest 
gates were then called in to take care of the same. 
This introduced a serious operational danger, for it ren- 
dered it possible for a eareless operator to release a 
high flood even under unwarranted circumstances. 
In anticipation of this danger, controls were speci- 
fied to limit the opening of the gate to four feet, which 
would hold the combined undersluices and crest 
gate discharge to the “bankful’’ contribution i.e,. 
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Spillway radial-type Crest Gates 


70,000 cusecs, this limit to be disconnected automati- 
cally when the reservoir level reached the top of 
gate E1.500. The possibility of serious channel ero- 
sion downstream dictated that all gates raise the 
same .amount and just about simultaneously. If 
all the gates were raised to the limit set for 70,000 
cusees discharge, this amount might be greater than 
the actual inflow peak. Hence to avoid possible mis- 
operation and consequent dangers with the four feet 
limit device, it was found feasible in order to make 
the operation more flexible, to introduce further 
controls in the gate movement so that the gates be 
raised only one foot at a time with a minimum half 
hour time interval between one foot increments, the 
whole operation being automatic and thus offering 
the maximum safeguard against careless operation. 


Equipment and Controls 

The arrangement of the hoist equipmeat is shown 
in figureno. 1. There are twelve hoist units, 
each of rated capacity of 82.5 short tons, 
and capable of fully opening or closing the gates at 
the rate of about one foot per minute. The separate 
hoist units are joined by a torque shaft spanning the 
gate bay and supported at intervals by line shaft 
hangers mounted under the spillway bridge. There 
a’e thirteen totally enclosed, squirrel cage induction 
type motors, 10 H.P. each, one to serve normally as 
a spare. The power supply to the hoist motors is 
taken by means of two speparate cables running 
throughout the entire length of the spillway and with 
provision for each motor to be connected to either 
feeder cables by means of a change-over switch loca- 
ted at each motor cabinet. A double-throw knife 


switch disconnects the distribution from the power 
supply. Each hoist unit can be connected mecha- 
nically to either adjacent motor unit by means of 
special dis-engaging type couplings. Two limit swit- 
ches are mounted on each hoist unit, one with a 
single gear to restrict the stepwise operation to first 
four feet of the opening, and the other one with a 
double gear to control full opening and closing opera- 
tions. Transfer switches have been provided so that 
limit switch mounted on each hoist unit may be con- 
nected electrically to the proper motor unit. Twelve 
control stations have been located at each motor 
unit to enable the operators to operate the hoist local- 
ly, and provision has been made for remote control 
from the powerhouse control room near the left end 
of the main dam. 


While starting the gate, the operation, as stated 
before, must be stepwise and is obtained by a “‘step- 
wise”’ switch and two time relays, one set for the speed 
of raising which is about one foot per minute, and 
the other adjusted for a half-hour time interval be- 
tween the successive gate openings. All push buttons 
become inoperative during this half-hour period. 
But in case of emergency, the gate can be brought 
down by operating the main disconnecting switch 
and the entire sequence can be repeated even before 
half an hour elapses. Provision has been made for 
lifting the gate into its highest position for super- 
vision purposes by means of a socket wrench switch 
‘Supervision’ which bypasses the four foot limit 
switch and at the same time renders the remote: con- 
trol ineffective. For lowering the gate, the operation 

(Continued to page 19) 
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Investigation of Materials 


and Quality Control 


in Construction of Maithon Dam 


By K. RAY 


Executive Engineer, Central Testing Division, Damodar Valley Corporation 


Maithon has a composite dam with some 4.5 million 
cyds of fill material and over 315,000 cyds of concrete. 
Since local materials like, soil, rock, sand etc. were 
to be used in the construction, it was necessary to 
test each item of the materials at the laboratory. 


The design of the earth dam was to depend on the 
borrow materials (soil) which would be available in 
the submergence area of the reservoir and from 
the excavation of the spillway channel. The number 
of zones in the earth dam would depend on the classi- 
fication of the available materials so that they could 
be used judiciously to obtain the best advantage 
and economy. The number of zones embodied in the 
Maithon earth dam were five : namely, impervious, 
semipervious, rollable pervious, rock-soil mixture 
and the stone (upstream riprap and downstream 
filter toe). 


Concrete dam and other structures took in four 
different types of concrete designated as A, B, C 
and D with the maximum size of aggregates 6, 3, 
1% and { inch respectively to meet the prescribed 
requirements demanding special care for selection 
of materials and proportioning. 


All the tests and investigations on materials can be 
divided into two classes, namely, pre-construction 
ones for design purpose, and those during construc- 
tion for quality control, and necessary modifications 
where required. 


Apart from the investigation on the construction 
materials several field tests and investigations were 
also conducted for ensuring the stability of the dam 
foundation. 


Foundation Exploration and Testing 

It may be of interest to note that the Maithon 
earth dam is placed on a thick sand bed of the Bara- 
kar river. The thickness of sand foundation varies 
from a few feet near the right bank to a maximum 
of about 70 feet near the mid-section. Pumped draw- 
down tests were performed to determine the per- 
meability of the sand foundation in situ. The 
methods of cutting down the underseepage were adop- 
ted in the design accordingly. 


An underlying clay pocket was located by field 
probing near the right bank ofthe river. The engineer- 
ing properties of the soft mass, as revealed by the 








laboratory tests, led to the adoption of the necessary 
modification in the design and construction features 
of the earth dam near this section. A part of the deep- 
seated clay was excavated away, refilled with coarse 
sand, and a stabilizing fill was adopted in the dam 
for this portion. 


Earth Dam Materials 
About 1,000 acres of land upstream of the proposed 
dam was surveyed as the prospective borrow areas 
and nearly 300 acres were tested. About 650 
= samples were tested for the design of the earth 
dam. 


The testing work continued through the cons- 
truction phase to keep track of the qualities of the 
materials which were going into the construction of 
the dam. This involved another 1250 soil samples 
to test. 


The day to day quality control involved (1) Classi- 
fying and flagging each dumper load of excavated 
earth and rock for proper placement on the zonal 
sections of the dam, (2) Control of layer thickness 
for the rolled fill, (3) Moisture control for rolling, 
(4) Compaction control and testing, (5) Preparation 
of the surface of a finished layer for the next one, 
and (6) Statistical analysis of the quality data for 
interpretation and readjustment of material or proce- 
dure wherever necessary. 


There have been about 10,000 moisture tests and 
3,000 compaction tests along with other tests and 
control operations during the construction of the 
earth dam. 


Concrete for Dam and Power House 
The local rocks of hornblend. gneiss and acid granu 
lites were found suitable as concrete aggregates. 
The Barakar river sand is reputed as one of the best 
types for concrete making. 


Systematic checking and testing were however 
necessary to eleminate some of the weaker rocks. 
Similarly, sand obtained from some recesses and 
pools near the power house tunnel proved to be too 
fine to be used as concrete mortar, and were rejected. 


The following mix proportions were used (with 
minor adjustment from time to time) for the differ- 
ent types of concrete, in terms of lb/cyd (clean 
separation basis). 
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Components A-type A-type B-type C-type D-type 
(Mass) ( Exterior) 
6’”—3” 630 630 —_— ~— — 
3°—1]" 520 500 640 es ae 
17°—7" 800 750 950 1130 bee 
i’ —%" 520 500 600 900 2000 
Sand 1070 1040 1170 1200 1300 
Cement 300 410 460 550 560 
Water 210 220 240 270 270 
28-day Strength required (p.s.i.) 2200 3000 3000 3000 3000 








the Central Testing Division. The quality control 


Vinsol resin was used as the air-entraining agent, 
involves the following features : 


at the rate of 32-45 gm per cyd of concrete. 


Cost of Testing and Quality Control 
The testing and quality control sections worked 
side by side with the design and construction units 
throughout the installation of the project. The cost 
of testing and quality control for Maithon Project 
works out between 0.6 and 0.7% of the total project 


Nearly 2,000 compression tests were run for the 
concrete dam and over 800 for the power house 
structures. 


Quality Control in the Construction 


The quality control was done by the field unit of cost. 
Earth Dam Concrete Dam 
1. Material Control Testing and selection of borrow Testing and selection of ingredients, 


materials and proper placement. e.g., aggregate, sand, cement, etc., 


proportion control. 


bo 


Layer thickness control for rolled 
embankment, moisture control, 
control of harrowing, rolling, pre- 
paration for next lafer, etc. 


Mixing and pouring time control, 
vibrated compaction control, pre- 
paraton of surface for pouring, 
batching plant inspection and cali- 
bration etc. 


. Operational Control 


3. Field Testing and record Moisture, rolled density, etc. Aggregate grading, moisture content 


of sand, etc. 


Rolling moisture, compacted den- 
sity, properties of soil used (through 
frequency distribution studies.) 


Frequency distribution of strength, 
scattering of strength. 


4. Statistical analysis and quali- 
ty interpretation for guid- 
ance 


Continued from page 14 
Spillway Crest Gates and their control 


is not intended to be stepwise and it closes uniformly necessitate engaging a few well-trained operators 


from any open position. 


Though, as stated before, the operation of gates re- 
quire that they open or close simultaneously, no 
master switch has been provided for that purpose, 
and each motor is provided with an independent 
control. If operated from remote position, all twelve 
controls could be actuated in rapid succession so that 
all hoists might be operated simultaneously. The 
operation from local control station, however, will 





to operate all the gates almost simultaneously. 


It is hoped that these huge and awe-inspiring radial 
type gates with their unique operational controls, 
not obtained anywhere in India, will inspire our 
young engineers engaged in the field of hydraulic 
engineering to probe deep into such and similar problems 
of flood-control with an effort for improvising better 
methods of control in future. 








The Role of 


By P. K. GHOSE, Superintending Engineer, Maithon Project 
S. K. BHATTACHARJEE, Inspection Engineer, 


The Inspection Wing is a vital link between the 
Design and Construction organisations. It can be of 
immense help to the Construction Organisation if it is 
manned with the proper men, and the cost of compe- 
tent inspection is relatively little compared with the 
resulting insurance of quality and also withthe cost 
of the structure. Inspection being such a responsible 
function in any construction job, it is of utmost impor- 
tance that experienced and responsible staff are taken 
on its roll. 


Again, in the absence of inspection, which is provi- 
ded in order to see that work is executed in accordance 
with the plans and specifications and with good 
engineering practice, there are likely chances of com- 
mitting mistakes, which may prove dangerous and 
also costly ia the long rua. 


Organisation 

In general, inspection is furnished by the owner as 
the construction is usually carried out by the con- 
tractors. The Goveramental organisation e.g. P.W.D’s, 
M.E.S., the Railways etc. may be cited as iastances, as 
in such cases construction is carried out through 
the agencies of contractors, whereas the Departments 
provide the inspection. The U.S. Bureau of Reclama- 
tion and the U.S. Army Corps of Engineers also 
follow the same practice. 


Ia cases where the Department itself assumes the 
responsibility of construction, the Department furai- 
shes both the inspection and construction, the Engi- 
neer-in-Charge of the Project being in charge of both 
the wings. The Teanesse Valley Authority of U.S.A. 
needs special mention in this respect. 





8. K. BHATTACHARJEE 


Inspection in Construction 








Maithon Project —_ 
P. K. GHOSE 
In some cases again, though not very common, as 
in case of Maithon, the Consulting Engineers assume 
the responsibility for inspection whereas the Depart- 
ment assumes the responsibility for congtruction 
whether the construction is done by itself or through 
contractors. In this case it was the special contrac- 
tual obligation on the part of the Consulting Engineers 
who had to post a Resident Engineer, responsible for 
inspection, quality control and design, at site. The 
Resident Engineer acted in the advisory capacity and 
the overall authority lay with the Chief Engineer as 
the owner’s representative of the Project. Excepting 
the Resident Engineer, other men required for assis- 
ting him in the discharge of his responsibilities, were 
furnished by the owner i.e. the Damodar Valley 
Corporation. 


The organization to be set up for any particular 
construction depends oa the magnitude of the works 
involved and as such no hard and fast rule can be laid 
down. However, the one that was set up at Maithon 
for the construction of this Project comprising the 
Main Earth Dam, the Dykes, the Concrete Dam and 
the appurtenant works, the Power House, the Intake 
and the associated structures, is given in the chart 
below. 


Resident Engineer 


Responsible for Design, Inspection 
and Quality Control 


Inspection Engineer 





| 
Earth Dam Concrete Dam 
Shift in-charge—1 per shift 
Shift Inspectors, assigned to 
various duties. 


| 
Shift in-charge—1 per shift 
Shift Inspectors, assigned to 
various duties. 


(N.B.—In the above chart only the Inspection Wing of the 
Resident Engineer has been shown). 


The number of Shift Inspectors had to be increased 
or decreased as per requirements based on the volume 
of work. The works were carried out round the clock 
in three shifts of eight hours each, starting from 
6 o'clock in the morning. The same inspectors were 
transferred and utilized in other places as soon as the 
work on Earth and Concrete Dams tapered off. The 
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Inspection Engineer was fully reponsible for the field 
inspection. There was again a Testing Engineer under 
the Resident Engineer who was charged with the 
responsibilities of investigation and assessment of 
materials and also carrying out routine tests of samples 
and of materials before aad during construction. It 
was also his duty to furnish all these informations to 
the Inspection Engineer who had to keep check on the 
quality of works. 


Qualifications of Inspectors 

The Inspectors should have both practical experi- 
ence and an understanding of the principles involved 
in the construction. The Inspector should have good 
technical background with adequate practical experi- 
ence and thorough understanding of the construction 
procedure. He should have good power of observa- 
tion, good judgement and sense of proportion to give 
the right decision at site on minor issues. He should 
be strict in principles but fair in his dealings. 


The Inspector must be observant. The proper sense 
of proportion will enable him to give greater atten- 
tion to more important matters. 


How Inspection is carried out 
After the purpose of Taspection had been stated, 
it is, perhaps, interesting to go into details how the 
inspection is generally carried out. As an illustration 
a brief detail as to the general method of working at 
Maithon is given below : 


(1) Earth Dam Construction 
In an Earth Dam construction the different stages 
of Taspection may be generally classified as follows : 
(a) Borrow area ; 
(6b) Fouadation preparations ; 
(c) Placing of material in different zones of em- 
bankment ; 
(d) Consolidation of Embankment ; 
(e) Slope protection ; 
(f) Correct aligament ; 
(g) Routine test of materials and testing of 
samples ; 
(hk) Preparation of records and reports. 


(a) Borrow Area 

Generally the Quality Control Section makes up 
an assessment of materials and demarcates borrow 
areas for different materials. Prior to despatch of any 
materia! for dumping, it is their duty to see that the 
borrow area is properly stripped and poaded, so that 
material may reach on the embankment at more or 
less the optimum moisture. The dumpers should be 
correctly iadentified for different materials so that 
there may not be aay difficulty ia placing the materials 
ia the correct zones. In case of any material coming 
uader wrong indentification, the embaakmeat Inspec- 
tor should alert the Borrow man and for any difference 
of opinion arising, should send the material to labora- 
tory for test. 


(b) Foundation preparations 

Proper stripping of the top surface to remove all 
organic matters, loose soil or boulders or cleaning of 
the foundation trench or removal of top silt from the 
the river bed for the foundation of the Dam, as the 
case may be, has to be ensured. 


(c) Placing of material in different zones of embank- 
ment. 

The Field Engineering Section demarcates different 
zones by flags when it becomes the responsibility of 
the Inspector on the embankment to see that the 
materials are dumped in correct zones. 


(d) Consolidation of Embankment 

This is, perhaps, the most important function an 
Inspector has to perform. He has to watch through all 
the procedures commencing from placing, spreading in 
proper thickness, harrowing, watering to optimum 
moisture and then rolling to proper compaction. The 
Inspector should be able to make a spot check of 
compaction either by a proctor needle or by opening 
out a pit to ascertain compaction by visual inspec- 
tion for according approval forthwith for further 
dumping, which possibly cannot wait till the test re- 
sults are known. 


In case of under-compaction, the Inspector has to 
direct for more passes to achieve proper compaction. 
Prior to commencement of dumping on any particular 
zone, the Inspector has to approve the surface and 
insist for proper watering and scarification, if it has 
in the meantime become hard, to ensure proper 
bondage with the previous layer. 


(e) Slope protection 

It is the duty of the embankment Inspector to see 
that the slopes of the embankment have been trimmed 
to design slope and they are protected with materials 
in approved manner. 


(f) Correct alignment 

Though the embankment Inspector is not directly 
responsible for the correct aligament nevertheless 
he has to keep vigilance and compare set out with 
the drawings as any mistake done in set out will 
automatically result in wrong placement of material 
on the embankment. 


(g) Routine tests of materials and testing of samples 

Routine tests of materials and soil samples from 
the embankment are generally done by the Quality 
Coatrol Wing in the field laboratory but the Inspector 
should keep constant watch on the results and take 
necessary steps to ensure specifications if the test 
results are not withia permissible limits. 


(h) Preparation of reports and records 

Shift reports for works done in the shift are com- 
piled by the Shift-in-Charge and submitted to the 
Inspection Engineer. Records of works done are also 
maintained by him for the guidance of the following 
Inspector. 


(2) Concrete Dam Construction 
The inspection of Concrete Dam construction may 
broadly be classified under the following heads :— 


(a) Foundation approval ; 

(b) Checking of formwork, 
embedded parts ; 

(c) Concrete Placing ; 

(d) Curing and removal of forms ; 

(e) Alignment ; 

(f) Material inspection, routine tests of materials, 
routine sample tests and evolution of mix 
design of concrete ; 


reinforcement and 
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(g) Preparation of records and reports. 


(a) Foundation approval 

The foundation is generally approved by the Ins- 
pection Engineer but the Inspector has to examine 
the same during excavation operation occasionally 
to advise the construction the extent of excavation 
to be done. 


(b) Checking of formwork, reinforcement and embedded 
parts 

Foundation having been approved, the Inspector 
at the next stage has to approve the formwork, rein- 
forcement and embeded parts coming in any parti- 
cular block. To do this successfully, the Inspection 
Wing generally prepares inspection guides showing 
in details all the things which are coming in each lift. 
The formwork has to be checked for its alignment 
and structural stability. 


(c) Concrete placing 

The Inspector has to approve the surface after the 
laitance has been removed prior to concrete pour- 
ing and has to watch through all the processes of 
concreting viz. placing of right type of concrete in 
different zones, spreading them in layers and vibrat- 
ing them in position. He has to watch that concrete 
placing is done in approved manner to avoid cold 
joints, that mix coming is of right consistency and is 
properly vibrated. Incase of any deficiency in mix he 
should alert the quality control man for setting things 
right. In case of any doubt, he has to check the fre- 
quency of the vibrator and should watch that it does 
not fall below the specified value. 


(d) Curing and removal of forms : 

The Inspector has to watch that curing is done in 
proper manner and that forms are not allowed to be 
removed before the specified period. 


(e) Alignment : 

Though checking of alignment and levels is mainly 
the concern of the Field Engineering Section, the 
Inspection is expected to give general check on the 
same and in case of doubt should get it verified by 
the Field Engineering Section. 


(f) Material inspection, routine tests of materials, rou- 
tine sample tests and evolution of mix design of con- 
crete : 

Quality Control Section is generally responsible 
for these items of works but the Inspector is expected 
generally to keep an eye on these items also as other- 
wise the quality of work may not be achieved. 


He should constantly watch the concrete test 
results so that he is in a position to take proper action 
at the right moment. 


(g) Preparation of records and reports 

The Shift-in-Charge in Concrete Dam has also to 
furnish shift reports to the Inspection Engineer and 
is also responsible for proper maintenance of records 
of works done in his shift. 


The Inspection Engineer compiles them in one 
daily report showing the progress of all works done 
in the whole project under different sub-heads and 
submits the same to the Resident Engineer, who in 
turn forwards a copy of the reports to his Head 
Office and to the Construction Wing to keep them 
apprised with the day to day progress of the work. 


(3) Inspection of Steel Structures 

Inspection of fabrication of foreign manufactured 
steel structures is done by the Inspection Wing of the 
Indian Stores Department, and locally fabricated 
articles viz. gate guides, undersluice emergency gate, 
spillway girders, penstock liners etc. are inspected 
by the Inspection Wing of the Project. 


The Inspection Wing, however, is responsible to check 
erection of all structures viz. Crest, gates undersluice 
gates, etc. coming as component members of the main 
structure. 


How Inspection helps Construction 
In addition to the responsibilities regarding the 
progress and execution of construction in accordance 
with the plans and specifications, the Construction 
Wing is also burdened with responsibilities of pro- 
curement of materials, construction planning, labour 
problems and payments etc. On the other hand, as 
already stated, the Inspection Wing is mainly respon- 
sible to see that the work is executed in accordance 
with plans and specifications and also to prevent mis- 
takes. It is, therefore, only but natural for the Ins- 
pection Wing to detect any omission made by the 
Construction Wing due to over-sight because of its 
heavy responsibilities. This timely detection by the 
Inspection Wing will no doubt help the Construction 
Wing from facing troubles at a later date and will 
ultimately help in saving the extra cost which would 
otherwise have been needed for the rectification of 

the said mistake. This would also save time. 


The Inspection, in addition, being a liaison between 
the Design and Construction Wings, helps in speedy 
solution of problems arising out of site conditions not 
anticipated earlier. Such conditions specially in cases 
of foundations and excavated materials to be used in 
construction, are only too common. The reasons are 
not far to seek; even the best possible preliminary 
investigation cannot be exact, and as such designs 
have to be necessarily based on certain assumptions. 


Further, due to the presence of the Inspection Wing, 
the Construction Wing will always have a feeling of 
assurance that any accidental omission is likely 
to be checked and detected by the said Wing. 


Conclusion 
It will, therefore, be agreed that competent and 
efficient Inspection helps in ensuring the right cons- 
truction and is also a relief to the Construction Wing. 


_ It is, therefore, no exaggeration to say that not only 
is Inspection a necessity but also it is desirable for any 
construction. 











Water Control at 


Maithon Dam and its Benefits 








By H. J. ASWANI, Special Officer, D.V.C., 


N.S. LYENGAR, Superintending Engineer, Reservoir Operation and Control 


The Damodar river has long had an _ evil 
reputation for floods, being commonly known as the 
‘river of sorrows.’ In recent times, the flood of 
1943 alone, which was a moderate one, caused interrup- 
tion of communications, dislocation of traffic and 
widespread damage estimated at Rs. 8 crores. As 
this catastrophe occurred during World War II 
at a time when the country was under the threat of 
invasion the devastations of flood attracted pointed 
attention both from the public and from the adminis- 
tration. The measures for control of floods in the 
Valley received top priority and the Government 
of India invited an expert (Mr. W. L. Voorduin of 
TVA) to prepare a project primarily for the control 
of floods, and secondarily for the development of water 
resources for various other uses, e.g., power, irriga- 
tion, navigation and watersupply for industrial and 
municipal uses. The scheme thus evolved is embo- 
died in the “‘Preliminary Memorandum on the Unifi- 
ed Development of the Damodar River’’ (1945). 
The two main dams for flood control are one at Mai- 
thon on the Barakar river (drainage area 2,430 square 
miles) and the other at Panchet Hill on the main 
Damodar River (drainage area 4,235 square miles). 


The Maithon and Panchet dams are sited nearest 
to the area to be protected from floods and also the 
area to be irrigated. Whether a rainstorm is centered 
far or near in the catchments of these dams, they 
will be in the path of all floods originating in the basin. 
Furthermore, their nearness to the area to be irrigated 
will facilitate meeting fluctuations in water require- 
ments for irrigation. Consequently, the Maithon 
and Panchet dams must together share the task of 
regulating the flow of the rivers for flood control, 
irrigation and power generation. Normally, floods 
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large or small occur about five or six times during 


each monsoon. 


It is estimated that floods of the magnitude nearly 
100,000 cusecs peak flow and 24 inches of runoff mav 
occur almost every year and floods of the size of 
4 lakh cusecs with about 15 inches of runoff mav 
occur once in about 1,000 years. 


The average annual runoff from the catchment is 
about 20 inches varying from a maximumofabout 30 
inches ina wet yeartoa minimum of 10 inches jn a dry 
year. Nearly 90°, of the annual runoff occurs during 
the five monsoon months—June through October. 


Maithon dam provides a total storage capacity up 
to top of gates equal to 1.1 million. acre-ft., out 
of which 168,000 acre-ft., is used as dead storage. 
Out of the remaining 936,000 acre-ft., 440,000 acre-ft. 
is reserved for flood control during the monsoon 
months. The remaining 496,000 acre-ft., is to be 
filled with water during the monsoon season to be 
released in the dry period from November to the 
middle of June. The allocation of storage and the 
reservoir operation procedure would be as shown in 
figure | below. 


Fig. 1: Reservoir operation chart. 
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Basic Approach to Flood Control Operation 

The criterion is as far as possible to limit the flood flow 
in the lower reaches of the main river to the ‘bankful’ 
capacity viz., 250,000 cusecs. With this in view, it 
is proposed to release about 70,000 cusecs from 
Maithon and 140,000 cusecs from Panchet Hill which 
together with about 40,000 cusecs from the uncon- 
trolled catchment would give 250,000 cusecs. These 
values of estimated releases may be modified in the 
day to day operation since a flood may largely 
originate in the catchment above the Maithon dam 
or in the catchment of the Panchet Hill dam, in which 
case the releases from the two dams together are to 
be co-ordinated so that the flow downstream in the 
lower valley may not exceed the ‘bankful’ capacity. 
As the flood advances, the inflow in excess of the base 
release is held back and the reservoir level starts 
rising and after sometime when the flood recedes the 
reservoir level ceases to rise and soon starts falling, 
until the preflood pool level is reached. However, 
in the case of a severe flood, the water level would 
rise very fast and as it approaches the top of gates, 
more water than the base flow would be released to 
ensure the safety of the structure. The drawdown 
of the reservoir will be done by bringing down the 
reservoir level to E1.480 as quickly as convenient in 
case another flood should occur. The general pro- 
cedure is shown in Fig. 2. 


Power—In the DVC_ system comprising both 
thermal and hydro generation, the hydro stations 
take the peak load during the period of low flow and 
the base during the period of ample flow in the river, 
and thus shifting the position of the hydro-stations in 


Fig. 2 : F!ood Control Operation. 
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the system load chart, advantage is taken for the 
monsoon surplus water in generating extra energy 
thereby saving the fuel that would otherwise be 
burnt in the thermal station to supply the difference 
of energy: 


Estimates of hydro power are made for each week 
of the 17 years record of streamflow. Based on these 
weekly estimates of power, the annual output of 
energy over a number of years is estimated at 176 
million kW hrs. 


Irrigution—The water released from Maithon 
and Panchet Hill dams would be later picked up at 
the Durgapur Barrage and diverted into the irriga- 
tion canals to meet the perennial requirements 
of about one million acres of Kharif irrigation 
and about three lakh acres of Rabi irrigation. After 
meeting the requirements of irrigation in normal 
years the dry period release below Durgapur will 
exceed 500 cusecs. This flow during the dry months 
would meet the industrial and domestic water supply 
needs along the river reaches below Maithon and 
Panchet Hill dams. 


River Conservation—Besides providing irrigation re- 
quirements in full, it has been found possible to re- 
lease during the monsoon months concentrated flows 
varying from 50,000 cusecs to 150,000 cusecs lasting 
for about three days. These flushing doses aided by 
the flood flows from the uncontrolled catchment 
would be utilised to conserve the river channel capa- 
city in its lower reaches. 


Summary of Benefits 

The benefits that accrue from the Maithon dam 
taken along with those contributed by its sister 
dam—Panchet Hill—on the main Damodar river 
may be summarised as follows : 

4 

Flood Control 

The maximum observed flood of 650,000 cusecs at 
Rhondia willbe reduced to a safe discharge of 
250,000 cusecs in the lower valley. 


Irrigation 

One million acres of rice crop and three lakh acres. 
of Rabi crop will receive assured supply for irriga- 
tion even in dry years. The left bank main irrigation 
canal is being provided with navigation facilities 
also. 


Power 
Hydro power will be generated amounting to 


about 176 million kW hrs annually at Maithon. 


Water for domestic and industrial uses 

Over 500 cusecs of water will be available for these 
purposes. This is equivalent to 270 million gallons 
per day. 





A special number on Power and Water Resources Developments of West Bengal 


is to be shortly out. 
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Procurement of 


Manufacturer's Equipment 





By 8. 8S. RAO 
Project Officer, Engineering Office, D.V.C. 


When an Engineer or a group of Engineers are called 
upon to exploit any water power resource, the principal 
stages of responsibility are the planning, the design and 
the construction. The one aspect, rather one of the 
major aspects, common to all these stages of progress 
is the principal items of appurtenances necessary for 
the project. A proper perspective of this aspect is 
more often than not the decisive factor in adhering to 
a previously anticipated construction schedule. Delay 
in the completion of a project is quite often due to the 
bottleneck of non-availability of the pertinent equip- 
ment at the right time. The procurement of these 
items of equipment therefore constitutes one of the 
major responsibilities of an engineer responsible for a 
project. An attempt is therefore made here to elabora- 
te the different stages that an engineer has to cross 
and how best the issue can be expedited to achieve the 
most satisfactory results. 


Once the requirements of the sev-ral appurtenances 
such as gates, hoists, etc. are broadly planned, the 
detailer’s work commences with the preparation of the 
technical provisions of the specification accompanied 
with relevant specification drawings, wherever neces- 
sary, explicitly bringing out the scope of supply. 
This is the first stage of clearance for the engineer. 
Once this is achieved, the non-technical part of the 
specification has to be attended to. This being more 
a routine formality for all the specifications, every 
effort should be made to see that not much time is 
lost in this region. This work is generally the respon- 
sibility of a group of persons entrusted with the task 
of effecting purchases and attending to all non-techni- 
cal problems of the deal as they arise from time to 
time. The final get up of the whole specification, 
technical as well as non-technical, should not 
consume more than 3 months normally. Every 
effort should be made to minimise this time factor 
because once the tenders are invited and the bidders 
are given 6 to 12 weeks time to quote, many of 
them very often come forward with a request for 
extension of the bidding time and in many cases it 
may be necessary and desirable too to allow this ex- 
tension as the greater the number of bids the greater 
are the chances of competitive prices. The possible 
extra time factor in this region has therefore to be 
anticipated and compensated by our bringing out the 
specification in the earliest possible time 


Touching upon the technical provisions of the 


specification, one important aspect should be to rest- 
rict only the principal relative features of the equip- 
ment and the bidder should have enough degree of 
flexibility to put forward his own views and proposals 
so that if anything better is suggested, it should be 
given the due consideration. As a matter of fact this 
has been our experience in one or two instances of the 
Maithon and Panchet Hill Projects and we have been 
benefited with considerable economy in going in for 
the alternative proposals of some of the bids without 
in the least sacrificing the desired purpose of the equip- 
ment. 


On receipt of the tender quotations commences the 
second stage of the engineer’s major responsibility in 
analysing and scrutinising them and selecting the most 
suitable bidder from the technical, financial and deli- 
very point of view. Quality of workmanship as based 
on the reputation of the bidder occupies the first place 
in the consideration. The financial and delivery as- 
pects are looked into collectively and relative merits 
accorded. A lowest bid with a delayed delivery or an 
early delivery with a high price need not claim any 
preference for acceptance. Study of these two factors 
together, in context to the construction schedule 
should be the guiding factor in selecting the successful 
bidder. The time devoted on the study of each and 
every minute detail of the tenders is worth it, as so 
many controversial issues are likely to arise after a 
particular bid is accepted. The case of Maithon spill- 
way crest gates may be quoted as an instance here. 
For technical reasons, the lowest quotation was not 
accepted but the second lowest was accepted. The 
lowest. bidder considered it his privilege to question 
our decision with the Central Finance Minister and we 
were called upon to justify our decision in the matter. 


Once the deal is finalised the entire responsibility 
rests on the engineer to adhere to the procurement 
schedule so long as the manufacturer is not compelled 
to operate the “force majeure’’ clause of the bids. 
A bidder is liable for penalty for any delay in delivery 
in the normal course of events and as such every effort 
will be made by him, in his own interest, not to sub- 
ject himself to this penalty clause. From his side it is 
normally only the “force majeure” clause that can 
delay the delivery. This is a clause specified by every 
bidder in the quotation to cover circumstances beyond 
his control such as war, strike, lockout, epidemics, 
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fire, etc. and measures taken by higher authorities, 
non-availability of shippong space etc. etc. 


Now, let us therefore look to the side of the engineer. 
On securing the order the manufacturer is called upon 
to prepare the detailed drawings and submit it for 
the engineer’s approval prior to commencement of 
work, Although it is the responsibility of the manu- 
facturer for the satisfactory performance of the equip- 
ment, the engineer has to satisfy himself about the 
soundness of the equipment and thus he is called 
upon to review and check all the manufacturer’s 
drawings prior to commencement of fabrication at the 
manufacturer’s works, and intimate him of his find- 
ings with the remarks, “examined and returned for 
corrections,” ‘‘approved as to general principle,’ 
“approved with corrections indicated” or “‘approved.”’ 
The drawings have to flow in both the direction 
and the process of checking repeated till all the draw- 
ings receive the approval of the engineer, only after 
which the manufacturer is permitted to start the 
fabrication work. Such drawings, correspondence, 
and literature commence flowing from his side in 
about two to three months from receipt of order. 
These of course, come in stages and invariably he 
wants the drawings returned to him within a very 
short time. It is therefore of utmost importance to 
the engineer to expedite this work as quickly as possi- 
ble as otherwise everyday’s delay in clearing the 
drawing checking will mean delay in delivery by an 
equal period. A delay in this region will give grounds 
for the supplier to demand extended delivery time. 
Not only that, a delay in the procurement of the em- 
bedded parts of the equipment will necessitate the 
provisions of blockout in the initial stages of cons- 
truction to be reverted back to it at a later stage of 
construction. This naturally retards progress and 
possibly shoots the cost as well. This is explained in 
detail here to impress the importance of time factor 
at this stage of procurement. 


It may be stressed here that one of the means of 
saving considerable time is to put the engineer in 
direct contact with the manufacturer as any other 
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arrangement such as routing one’s views to the other 
through a third agency, usually an agency not connect- 
ed with technical matters, is bound to result in undue 
delay. Such an arrangement involving the trans- 
mittal of manufacturer’s drawings through the purchase 
department unfortunately existed with regard to the 
procurement of the Maithon and Panchet Hill Project 
equipments. By this, it should not be mistaken that 
the necessity of a Purchase Department is questioned 
here. Instead its necessity is considered very desirable. 
So many points of differences and discrepancies of a 
non-technical nature are bound to crop up in each 
issue and these are best attended to by the experienced 
purchase organisation. Incidentally it will consi- 
derably save the precious time of the engineer. 


During the analysis of tenders a comparative state- 
ment is prepared bringing out the merits and deme- 
rits of each bid under various points of consideration. 
Such a chart will serve as a ready reference exhibit of 
quotations on the subject. Once a deal is made with 
a particular bidder, a similar chart should be prepared 
recording the following : 


(1) Description of equipment. 
(2) Date of inviting tenders. 
(3) Last date of receipt of tenders. 
(4) Data of issue of orders. 
(5) Name of the supplier. 
(6) Name of the manufacturer. 
(7) Date of delivery of embedded parts, ex-works 
and at site. 
(8) Date of delivery of the remaining parts ex- 
works and at site. 
(10) Total weight of equipment. 
(11) Cost per ton of equipment. 
(12) Probable period of erection, and any other 
relevant technical data. 


This will, in a simple exhibit form bring out the 
results of the whole work and if efforts are made to 
adhere to the facts recorded therein, a good work will 
have been done as the rest of the construction schedule 
can safely be relied upon. 





Continued from page 45 


Construction Materials and Stores at Maithon 


a sum of Rupees seventy thousand was recovered 
through claim. 


It was also a herculean task to make adequate 
arrangements for transporting and unloading of 
materials to stores or work-site. During the peak 
period of construction, Railway siding was cons- 
tructed upto work-site and this facilitated direct 
feeding of materials to consumption depot. It may 
be mentioned at the same time that about forty 
wagons in a day were unloaded within free six 
hours’ time allowed by the Railway to avoid incurring 
demurrage. 


Entire stores accounting system of this Project is 
based on the records maintained in the stores for all 
incoming and outgoing materials. 


Store in a project plays an important function 
and the persons engaged in the store-section have 
contributed their best in the construction of the 
Dam. 


When the construction work was at the peak, 
they worked day and night, kept the construction 
work fed with stores as and when required, and we 
feel ourselves proud that we have been able to com- 
plete the mighty task entrusted to us. 











Construction Schedule 


By K. L. DUTTA 


There has been some public criticism over the construction equipment and spares not yet manufac- 
changes from time to time in the Construction tured inthe country and to a certain extent, for techni- 
Schedules of the Damodar Valley Projects. The time- cal advice and guidance. The time taken for import 
schedule laid down in 1951 envisaged the comple- depends upon a number of factors which very often 
tion of the Maithon dam in December 1953 which disturb the construction programme. We have also to 
was extended in the first instance to June 1954, then take account of the revolutionary change in human 
to June 1955 and finally to June 1956. Five million relationship that has taken place in India, particu- 
people of the Valley who have cried in vain for 90 years larly after the Second World War. An imperfect and 
to get the Damodar controlled are naturally anxious perverted conception of the doctrine of liberty of 

to see the day when the threat of periodical floods could speech and action has unfortunately stimulated indis- 
| be eliminated and it is bewildering for them to  cipline amongst all levels of workers;the growth of mush- 
| be told every year that the work would be completed room political parties and propagation of their vague 





the following year. Such bewilderment appears to and conflicting ideologies in the industrial areas has 
have been accelerated by the fact that while the embittered relations between the employers and the 
Press have rather cryptically referred to some of the employees with the result that the cry is for “more pay 
reasons for the delay, the Legislature have been and less work’’ and labour strikes, slowdown strikes, 
more critical than analytical and an unsophisticated hunger strikes, pen-down strikes, processions and 
mind not acquainted with the economics and demonstrations before the Legislative Assemblies and 
conduct of large-scale mechanised operation would the Parliament and threats of ‘fast unto death” have 
naturally feel that the DVC is not “‘playing the game’’. become the order of the day. An abnormality in any of 
| An enthusiastic critic of the DVC is said to have burnt these factors of production upsets the construction 
alot of midnight oil in an unsuccessful attempt to programme and the construction engineer does not 
work out the wastage of public funds resulting fromthe know today what will happen tomorrow. 
prolongation of the period of construction with a view 
to establishing the thesis made by somebody some Asalready stated the Press and the Legislature have 
years back that the DVC means extravagance. criticised the DVC merely for the failure to act up to 
Thanks to the Adibasi God, the presiding deity the time-schedule laid down by it. This isnot enough. 
ofthe Valley, who has apparently saved the DVC No attempt has, so far as I know, been made to 
from the virus of another sensational headline in the — scientifically analyse and evaluate the effect of the 
Calcutta newspaper to say that the DVC has wasted abnormality in the factors of production,,nor to 
some “further crores of rupees.” I have chosen this objectively analyse and determine the more important 
occasion to discuss this important matter not merely question as to whether the time actually taken is reason- 
to convey the idea that “there is nothiag wrong in able orexcessive. The fact that a particular time- sche- 
the kingdom of Denmark”’ but also to enlighten public dule had to be revised does not by itself establish the 
opinion on the fundamentals of a time-schedule for contention that more time was taken than was 
a large-scale mechanised construction under post- necessary. It may be observed in this connection 
war conditions in India. that our earlier time- schedule was pronounced by 
the most competent authorities, both Indian and 
It is not proposed to discuss in detail the specific American, as ‘ambitious’ and ‘far too optimistic’ 
reasons for the delay as they are far too numerous for even according to American standards. An enthu- 
the limited space at my disposal. Suffice it to say that siastic engineer may lay down an ambitious time- 
in general the speed of construction is dependent ona schedule, say, 4 years and complete the work in 
number of factors, such as, men, money and materials— 5 years while another engineer, less enthu- 
more precisely —the efficiency and loyalty of the  siastic, may lay downaleisurely schedule with a liberal 
technical and operating and other personnel, theavail- time cushion, say, 6 years and complete the work in 
ability of funds both local and foreign, the availability, 5 years or more. The one cannot be condemned nor 
in time and within a reasonable distance, of construction the other commended simply on the basis of their 
materials, etc. No less important is the availability of time-schedules. The fundamental question is 
correct geological, hydrological and meteorologicaldata. whether the time actually taken is reasonable or 
Here in India there are certain other extraneous factors, excessive after taking into account the Indian stan- 
such as, our dependence on foreign countries for essential ards of operating and maintenance efficieney as well as 
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the uncertainty in securing timely delivery of construc- 
tion equipment and of spares. 


An eminent Indian Engineer with considerable 
experience of planning, designing and construction of 
River Valley Projects in India carried out some studies 
in this regard some three years back with a view to esta- 
blishing a relationship between the cost andthe period 
of construction of River Valley Projects under post- 
war conditions in India. After having studied the data 
relating to 20 post-war Indian projects, 6 pre-war 
American projects and certain emergent war-time 
projects carried out in the USA, he has worked out 
curves based on “the knowledge and experience of the 
actual details of construction mingled with statistical 
conceptions’ and has evolved separate formulae for 
multi-purpose projects, irrigation projects and 
hydro-electric projects. He has however given a 
warning that the formula will be applicable only 
under normal conditions of availability of men, money 
and materials and that the normal period may 


have to be expedited in emergency or get retarded 
under abnormal conditions. For example, the Boulder 
dam in USA costing Rs. 97 crores took 5 years while 
the Parker dam costing Rs. 11 crores took 16 ygars. The 
formula worked out for post-war multi-purpose 
projects in IndiaisT=,/C+1 to 2; where ““T’’ means 
normal period of construction in years and ‘‘C”’ means 
capital cost in crores of rupees. The application of this 
formula will show that the Maithon dam and appur- 
tenant works should have taken 4. 65 te 5. 65 years 
to complete, while it took about 6 years. Against 
this small excess over the ‘normal time’ we may take 
account of the fact that simultaneously with the dam 
work we completed about 70% of the civil works 
portion of the Hydro-electric Station. There was 
also a strike in 1955 which interrupted the work. 
It will, therefore, be seen that there was nothing 
seriously wrong either in the organisation or in the 
method of operation adopted by the DVC in carrying 
out its projcets. 


View of the earth and concrete dam, Maithon 
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Maithon Underground 


Hydro-Electric Power Station 





By K. M. CHINNAPPA 
Additional Chief Electrical Engineer, D.V.C. 


The Maithon Project of the Damodar Valley Cor- 
poration isthe third ofthe three multi-purpose projects 
taken up in the first phase of development. Much has 
already been written on the general features of this 
Project and therefore it is now proposed to cover 
primarily the Power Station. However, for the sake of 
completeness basic hydrological data and general 
project features are also given. 


This Project is on the Barakar river which is the 
biggest tributary of the Damodar. The drainage area 
above the Maithon Dam is about 2,430 sq. miles. The 
hydrological studies are based primarily on the run- 
off records observed from 1933 to 1950 ; less reliable 
data for a considerable period prior to 1933 have been 
also taken into consideration. Additional gauging 
stations, since established by the Corporation, provide 
means for a reliable check on the stream flow records. 
It is believed that the estimates made of water flow are 
realistic and the flood control storages available 
are sufficient to provide the desired absorption and 
subsequent regulated release of possible floods. The 
reservoir will have a total storage of 1.1 million acre 
ft. The dead storage, live storage for power and irri- 
gation and the maximum controlled flood storage will 
be 1,68,000;4,96,000 and 4,40,000 acre ft. respectively. 


The Project constitutes as shown in Fig.l a rock 
filled earth embankment on the original bed of the 
river, a concrete gravity dam on the diversion channel 
which forms the spillway section, a long earth dyke, 
portion of which will act asthe breaching dyke and the 
power plant with appurtenances comprising the in- 
take structure and tailrace. The figure also indicates 
how part of the diversion tunnel used during the con- 
struction is ultimately used as the tailrace. 


i The underground power station having an initial 
and ultimate installed capacity of 60,000 kW will 
operate at base load during the wet period when the 
inflow is appreciable and at peak load during the dry 
period, the daily and weekly release meeting the irri- 
gation requirements. The large capacity at the 
Bokaro Thermal Power Station meets the entire 
balance eaergy requirement during the dry period, 
thereby overcoming the inherent lower firm capacity 
of our hydro-stations. 

The total cost of the Project is estimated at about 
Rs. 15 crores, out of which the Hydro-Electric in- 
stallation will cost about Rs. 3.5 crores. 





Power Station Layout 

The Power Station is located underground on the 
left bank of the river at a depth of 184 ft. below the 
roadway at the top of the dam. Access to the power 
house is through a horse-shoe shaped tunnel about 
700 ft. long. The size of the tunnel and the gradient 
permit transportation of the heavy equipment into 
the power station. Entrance to this tunnel will be 
fitted with rolling steel doors with a small door for 
personnel entrance. These doors will normally remain 
closed and air will be drawn into the power house 
through an air filter mounted separately. Fig. 2 and 
3 indicate the general plans and typical section of the 
power station and equipment. 


_ The power station was located underground for the 
following reasons — 


(a) A comparative estimate indicated that the 
underground power station in the left bank 
was cheaper than an overground power house 
in the right bank on the downstream side of 
the dam. 

The diverson tunnel required for the con- 
struction of the dam could later be used as 
tailrace by locating the power house in the left 
bank. Tailrace excavation costs were thereby 
reduced. : 
The location permitted continuous construction 
of the power station by getting it out of the path 
of the monsoon floods. The power station 
construction would parallel all other civil works 
and would therefore be finished at the same time 


(b 


~— 


(¢ 


~~ 


as the dam. 
(d) The location gave the economical advantage of 
producing power immediately upon filling 


the reservoir. 

(e) Foundation difficulties were overcome as the 
overburden in the Barakar river varied from 
30 to 80 ft. calling for expensive power house 
foundations for the overground location. 

(f) The excavated rock from the tunnel and power 
house provided rip rap for the protection of the 
dam slopes, as well as aggregate for concrete, 
if required. 


The power station accommodates 3 units each of 
25 mVA capacity. The layout of the turbo-generator 
is horizontal resulting in the following advantages : 

(i) The power station chamber will be only slightly 
over one half as high and of about the same 
























LI3°0Ud NOHLIVW 
“bod 9e28 04 40" 
SWIOLSN3d SNOTW NOILIIS WOdIIdAL 








(syjun easys) 
LL) 0 OSE VIM L 








sogueys ung Or TF 


a7eiu 


tee MW Ui 





ws sopgesd 
Sujyes-yteu, 
49mo} aye{U/ 


— Seb td 
Oaosig “NEW 


A iNINIONWENY m) 


ONIHDVING ti 
a 
3 ss 















INDIAN JOURNAL OF POWER AND RIAER VALLEY DEVELOPMENT—MAITHON DAM SPECIAL 


"“o SY 
A =) 
awe Wold ~~~. X 
ddd ttt tort YN Dy----- ayad 4 *s 
WVd Hiv¥3 NIVW vo we. 
4 a 
of . 
a Z ye, p. \) 
‘ 
‘ 
H 
Zan 9MAG 1539 ¥ 
ON 3WAG 4437 —=— = — mee! 
% 32950001 005 0 
NOILVLS U3MOd ‘ 
° i 
ee er 
" 4 
\ 








oO 
of 


ve 





31 


INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MAITHON DAM SPECIAL 











‘(eysod jouuny 





NOILWLS Y3MOd NOHLIVW 
2 “94 


-— 


" 
“y 


x Fes waperb 
fouling $$222y¥ 


“==: 


a/ers Of JON 
8a-NOIL93S 








“wOlp2a$ sauunt 
(e2chy 






WeIS 4 £ON 


00°8ZE 13 YOO1s ONILVYINI9~- NV Id 





* agnyg gybnesg 





SEW SUCL 
\ 
















“GOyess Toma Jo F | 




















GHEY 
— suoadpa 65 





“420p Suipesue _ 


oe 









»O7GE 


co 


JOGO “AOD 


Ye 
Ging 








‘we2s of fon 
V¥ - NOILD3S 


“420p sng 


sawsysuey 





Peds 4x0 
Aouvbsauz 


Ps 









-; 


“2902 14S 
(ends 








sonp 
6uyennuen 








———— 


09 VEE 











a a 





wer6 Of 4ON 
Vv NOILD3S 


NOILVLS YIMOd NOHLIVW be Le eh 2 ‘ee 05 08 19 
€-'914 ) 


OO°BzE 17 


splay 


4OMOd JO F 


‘suog Fu8 
+4 Zeon 


(yet aued2go doz) 
7 OSE 17 


. 


"9/025 Of ON 
OS OIE "13 YOOIS JWNLINYLSENS- NYId 


2978 


. ‘svowdnie 

, ase obemes 

woyexsqay Cached 
a 7 


tp | “Fame b ody 


iF 
Sel so) 


409 sog 


< 

_ 

5 

a 

fy 

nm 

| 

q 

a 

4 

=) 

ice] 

: 

e 

a 

= 

By 

° 

be 

a 

> 

A " 
S 

Ba ‘ 

| + 
Y 

3 N 
FY 

> & 

F 

ie-} 

4 

4 

° 

fu 

fe 

S) 

4 

Z 

(==) 

D 

° 

» 

4 

< 

— 

a 

z 

_ 











—_—- 


(fture) 









































From Panchet Hill { 


To Maithon Right Bank 
Protection & Melering 
same as Chitlaranjan 
feeders. 


= 


HV VM“ ewe ee Oe wee ee 


. 














































































































i 
¢?+2 bacs 
ae eee 132 kV. Transfer Bus 
i " 7 1 Tt 7 
} ‘ j { } A ] 
en ae a 
ion i) ee he \ 
£1] } } i I 
I i 
a “fae |! ras el r 
/ a Y) fp r) a 
t ' ' ' w u e 
ee } i 
a) " " . 
| | | & ’ i 
e i - 4 a ae 
AEO £99 | 
: Hy 
+-+-0-<-4 vy vv) 
A 
Ciipohar= a bapaig tine 
pmae terror J 
ee 4 
; x 2 a y z y g g g 
4 a tH : 
if g w < 32 g g vis ae 
L w ww Ply 7 Suz 
G.-3 R e ® c 
H w ww vv I oe 
J 4 # 2% g g 5d 
4 H | it T TA { Sf 7 ~ | 3 yA if T . 
‘ental y ue essa ceanien FO cS smer| 7 
2 L_ SIN | 
ce Gm olaeds eT 
Protection & Metering 
same as Chiflarenjan 
m mm 
Z 





25.MVA N/3ZKK 4~Le 
36 (32 ¥01) 









































Future ST ! 
4 Qvedrent Trivector 
es with demand ir-dic a/or ey 
al 
matce same Gy tpt emaneme 5 
OthV. 39. 50 
6en.3 : Gen. 2 6en / - 
Protection & Metering Protec tron & Meter: 
same a3 6@0.3 same @3 Geri. 3 























































































































































Suadbt « DEVICE LEGEND tis 
_— , CTRATIOCS — CEVICE NO FUNCTION | ‘ 
Ratios 2 
aPaf sbetetion caw) 21 .....-.distance relay with carrier 
6 zy a ae 51 ....... AC Overcurrent relay 
casa \__ 909-900-400: 200 - 2508 61... ....Cumrent baleneé relay 
4 ___ 600-300-1g0/5 67 _..... . Directional Re: 
in __ 200/5 OF. Bo ent a 
ee ee arth tavit relay) 
%__2008 S ...... Stand by CORK up) 
v 8600/5 Lt ....... bine Se Fe et 
wi §200-600/5 T .......Thanstirmer e 
D h..... 82 AK O.C.B4F: & 
feels @.....19h. 0.€.8. (oertkon) 
Wa_g00-150/6 TS... -.- BIAV. OCB. CASGa) with seperately mounted Cl 
&w 200-100/5 ’ [HD .......33AV. 0.6.8. (Reyrolle) sith bushing typecn. 
x 600/5 eee T32 Kv. isolalar (Miksa) « 
| —ge— ----. 33.KV. isolator (Asea) 
- = x! 400-200/6 7 + --~ 33 isolator (6.6.<.) - 
92 AV Main Bus Xi « 400 -300- 200/5 N= is ++ Link suiteh 
ey . Recor watimete 
es Ww pe 49 Ma 1392/39KY im eno *20a/6 = Be pons A a 
Transformers (32 10s) xy 250/5 i ett f 
72 q (Hackbr: ge) Ca) POE a watlhour meler ; 
4 BY_500/6// G amp. core 28 kh... ... Breaker on ee 
t Amp core /g9va) .. . ..-- Voltmeter 
>. 130/6/5 {one core Bova clesscm “1 
- - vA 
am: OtEr Core 25VA Rr relay) ~-+ +++ -bynchhoscope 
33K. Transfer Bus xen le j dod Transter switch 
ie Cortrolpoard) = Bee > * 
* T [renee OEMS ace Ammeter $wiich 
4 g 4 # & ....... voltmeter switeh 
ME 255i Recorder 
3 2 | sep... -..highthing arrester 
ms ip ------ Wave trap © 
| A prose ---. Capacitor, potential & carrier device 
ts = aeons ..-1-re toujpment shen dolled 
Vs d a NOTE: 
| j 1.» The headers to Sindh and Kabpahari have bekn interchanged 
T @ to line up with the physical location 
4 Tp Chilfaranjan ; 2. The control panal circuit sequence Shown in 1.6.6. bawing 
1 4 remain unaftected. Aller eraction transformer numbers 
i and jend ? Shovid preferably be interchanged, 
my |, bat Be MLGBE chawings the 33hv feeders no. 1#2 ere marked 
to Kumerdhuty’ and bishergarh. 
4 ia Generator circuit, synchronising eke, See 
: — TION [32 KV. 
3 todled ond redreen ” eee 
. 2 Redrawn ~~ pv. eee beans =~ 
sodas deg 5- DATE |ORG.NO 
i | NATURE OF RAMSION | By ? 1B sci 





























Bottom : Outdoor Switchyard at Maithon 


Top : Entrance to Underground Power House 








34 


width as required for vertical units, thereby 
greatly reducing excavation. 

(it) The elbows in the penstock ahead of the tur- 
bines, required in vertical units are eliminated 
and the peastocks enter the scroll cases tangen- 
tially. 

' (iii) The setting permits the use of a straight conical 
draft tube of simpler construction than an 
elbow type. 

(iv) The absence of penstock elbows and adoption 
of the horizontal type draft tubes will conduce 
towards higherefficiency and smoother opera- 
tion. The long length of the draft tube is in the 
direction of, and in lieu of an equivalent 
length of the tail tunnel. 

(v) The time of construction and installation is 
materially shortened. Instead of some 16 or 
more pours of concrete from foundation level 
to generator floor, the generator can be founded 
nearly on bed rock after only one or two pours 
of concrete. Turbines and generators can be 
installed simultaneously. 

(vi) The turbine and generator parts can be remov- 
ed independently for purposes of maintenance. 


The turbines are placed in niches, each of which 
measures 43 ft. long x 17.7 ft. wide x 47 ft. high. 
The generators are placed in the machine hall measur- 
ing 205 ft. long x 45ft. wide x 65 ft. high. The roof 
is arch shaped with proper reinforcement and _ lining 
wherever necessary. A drip-proof false roof is also 
provided. The access to each turbine is through a 
vault from the machine hall. The main power trans- 
formers are also located underground in vaults locat- 
ed alongside the access tunnel. The L. T. AC and DC 
equipment are located on the access tunnel end 
of the power house. 


There is no separate local control room within the 
power house. The necessary control for the local 
operation of the machines are brought out to panels 
mounted around the actuator cabinet for each 
machine. All controls are ceatralised on these panels. 
The actuator cabinets are mounted on the down- 
stream wall of the machine hall and on the left hand 
side of each turbine vault. The units are supervised 
from an overground control station. 


The basement houses the battery room, M/G. sets, 
auxiliary transformers with associated switchgear and 
sewage tanks with ejector. Cable and pipe galleries are 
provided along the upstream and downstream walls 
of the power house basement. The Il kV equipment 
are located in the cable gallery and will house the 
generator current transformers for voltage regulation 
aad protection, the grounding transformer, generator 
disconnecting switch, surge protection equipment 
and the AVR potential transformers. The generator 
fire protection CO, battery will also be located in the 
cable gallery. 


The station service air compressor equipment are 
located in the basement to the south of the auxiliary 
transformers. The power station seepage and trans- 
former cooling water will be routed to a sump located 
midway between units no. 2. and 3. The contents 
of the sump will be discharged to the tailrace by means 
of four vertical motor-driven pumps. 
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The generator bearing lubricating pump equipment 
and sump, governor compressor and the governor oil 
sump tanks are all located on intermediate platforms. 


For handling equipment within the power station, 
a 115-ton travelling crane, having two trolleys each 
equipped with a 57.5 ton capacity hoist, is provided. 
The crane is also equipped with a monorail hoist of 
10 ton capacity. To facilitate erection of turbine 
parts in the niches, three monorail hoists and a dis- 
mantling truck ruaning on rails have been provided. 
An equipment hatch in the erection bay permits 
lowering of the equipment to the basement for installa- 
tion. 


An emergency shaft 12 ft. in diameter and 184 ft. 
deep with a spiral staircase provides exit to the road- 
way on the top of the dam. 


Conveniences like a small office, pantry and wash 
rooms are also provided underground. 


Water Passage 

The horizontal distance between the intake mouth 
and the turbine ceatreline is 153’-5” The location of 
the intake structure has been so chosen as to place the 
power station in sound rock with ample rock cover 
above the roof. The intake structure located inside t] c 
reservoir has provision for separate intakes for the 3 
units. The conduit at the intake service gate opening 
is 14’-0” wide x 23’-9” high and is closed by a single 
leaf, vertical] lift type service gate operated by indivi- 
dual electrical hoist. To permit repairs after probable 
operational failure of the service gate or hoist, an 
emergency gate of the single-leaf, vertical lift type 
measuring 14’-0” wide x 27’-4” high, has been pro- 
vided, upstream of the service gate, common to the 
three turbines. The emergency gate is handled by 
means of a lifting beam attached to the intake gantry 
crane operating alonga runway traversing the length 
of the intake deck. The gantry also serves for installing 
and dismantling the service gates and hoists. The 
service gate hoists are so designed that in case of emer- 
gency, e.g. on the occurence of overspeed, excessive 
bearing temperature etc., of the turbine, the gate will 
automatically close in a very short time. 


The rectangular section at the intake mouth is 
gradually transformed into a circular section of 14’-0” 
diameter in a concrete transition length of 60’-0’. 
From this point the penstock is steel lined, the hori- 
zontal portion being 14’-0” in diameter and 55’-0’ 
length, the reducing elbow from 147-0” to 137-0” 
in diameter being 55’-0” in length, and the vertical 
limb being 13’-0” in diameter and 20’-0’ in length. 
The lower end of the penstock is connected to the tur- 
bine spiral casing through a reducing taper 13’-0’/ 
11’-6” in diameter. 


The dimensions of the water passage have been 
decided from economic considerations, commensurate 
with satisfactory speed and pressure regulation of the 
turbine on sudden changes of load. 


Surge Chamber 
A surge chamber is located downstream of the power 
station and directly above the draft tube outlets. The 
chamber is common to all three units. The surge 
chamber is so dimensioned that it can suitably dissi- 
pate a surge which might occur from sudden rejection 
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of full load from three units simultaneously with a tail 
water elevation corresponding to the normal flood 
discharge of 7,000 cft. The surge chamber also serves 
as the operating space of the draft tube gates. Suitable 
access to the surge chamber is also provided. A short 
separate tail tunnel is provided for each unit down- 
stream of the surge chamber. These tunnels merge 
into a long common tunnel which ultimately joins 
the diversion tunnel. 


Main Equipment 

Turbines 

The hydraulic turbines of the horizontal Francis type 
are designed to operate under a net head varying from 
79 ft. to 127 ft. and to deliver a guaranteed output 
of 27,750 B. H. P. at a normal speed of 176.5 r. p.m. 
under the design net head of 113 ft. The spiral casing 
and the draft tubes are of riveted and welded construc- 
tion. The machine ceatre-line is about 18 ft. below 
the minimum tail water level and this is more than 
normally required to protect the runner and discharge 
ring of a turbine for a rated output of 27, 750 B. H. P. 
under 113 ft. net head against pitting due to cavitation. 
Advantage has been taken of this deeper setting by 
increasing the normal speed of the turbine resulting 
in a turbine-generator set of smaller physical size, 
leading to economy in capial cost ofthe equipment and 
power station. Therunner is of cast steel construction, 
with the rims cast integral with the vanes. Vent holes 
are provided on the runner hub to reduce the un- 
balanced hydraulic thrust. 


The guide apparatus is of normal construction with 
renewable stationary wearing rings and facing plates 
made of carbon steel. The bearings for all the wicket 
gates are arranged for centralised forced grease lubri- 
cation. Each wicket gate is also provided with a suit- 
able thrust bearing to resist thrust in both directions. 
The links are so designed as to break in case one or 
more wicket gates become jammed. Adequate means 
are provided to limit the angular movement of the 
wicket gate in case of breakage of the weakest element. 
This prevents interference of the loose gate with the 
closing operation of other gates in an emergency. 


The thrust bearing is integral with the turbine guide 
bearing. The combined bearing is self-oil-lubricated 
from the oil reservoir mouated integral with the bear- 
ing. The oil reservoir is provided with cooling coils. 
The thrust bearing is capable of withstanding the 
maximum unbalanced hydraulic thrust in both direc- 
tions, of magnitude 100 tons towards the draft tube 
and 30 tons towards the generator. The combined 
guide and thrust bearing is provided with a small 
motor driven oil pump to lubricate the upper side of 
the shaft during starting and stopping. Suitable tem- 
perature detecting elements, alarm and shutdown con- 
tacts are also provided. Each turbine is provided with 
two oil-pressure double-acting servomotors of a com- 
bined capacity of 167,000 ft. lbs. to operate the wicket 
gates under all conditions of head and load through 
their full stroke in a pre-determined time with the 
minimum governor oil pressure. The servomotors are 
securely fixed to the concrete foundations. 


The turbine shaft is coupled with the runner at 
one end and to an extension shaft at the other end, 
which, in turn, connects to the generator shaft. The 
shafts are made of forged open-hearth steel properly 
heat-treated. Great care has been taken during the 


manufacture of these shafts and complete physical and 
chemical tests on samples cut away from each forging 
have been conducted before acceptance. 


Governors | 


The governing system for each turbine to control 
the speed comprises of actuator, servomotors, return- 
motion mechanism, oil pressure tank, two A.C. 
motor-driven oil pumps and one stand-by D.C. motor 
driven pump, manual and electrical contro] devices 
etc. All of these, excepting servomotors, are mounted 
inside a steel cabinet located in the machine hall. 
The pendulum of the actuator is driven by an asyn- 
chronous motor which is supplied by a permanent 
magnet-generator, gear-driven from the main generator 
shaft. The movements of the actuator caused by 
changes in the speed of the turbine consequent to 
changes in load are transmitted through valves to 
control the admission of pressure oil to the pistons of 
the servomotors to effect the correction desired. The 
servomotor pistons move the wicket gate regulating 
ring correspondingly until the return-motion mecha- 
nism prevents further movement. 


All the controls for starting, regulating the speed 
and stopping of the turbine are mounted on the actua- 
tor cabinet. The gate limiting and speed adjusting d»- 
vices are electrical motor driven to enable remote 
control. 


Generators 
The generators are three-phase, 50 cycles per 
second, 176.5r. p.m. 11 kV rated at 25 mVA, 0. 8 p. f. 
They are designed for a runaway speed of 350 r. p.m. 
The generators are equipped with direct connected 
main exciters and geared pilot exciters, rapidynes, 
permanent magnet generators, voltage regulators and 
excitation and supervisory cubicles. The voltage 
regulation system permits the following modes of 
operation: 
(a) Automatic control with pilot exciter, rapidyne, 
main exciter and AVR in circuit. 
(b) Manual control with pilot exciter, rapidyne, 
and main exciter in circuit. 
(c) Manual control with pilot exciter and main 
exciter only in circuit. 


The rotor comprises two pole wheels pressed on to 
its shaft. The pole pieces are of the solid pole beam 
type with welded pole shoe laminations and are fasten- 
ed to the rotor rim by means of screwed bolts, 
Connected damper windings are also provided. The 
fly-wheel effect (WR?) available is 8.18 10°lb. ft.?. 
A pneumatic brake acts on the rotor and is designed 
to bring the machine to rest from a speed of 88r. p.m. 
in 5 minutes. The insulation of the stator, rotor and 
exciting machines is Class B throughout. 


The generators are designed for unearthed opera- 
tion. Earthing will be effected on the 11 kV side by 
means of a 5-limbed 3-phase 3-winding potential 
transformer. A relay connected to the open delta 
winding protects 90% of the machine winding by 
means of the fundamental displacement voltage. An 
additional third harmonic relay protects the first 10°, 
of the winding near the neutral. 


Ventilation is of the closed circuit system. Eight 
coolers are provided in the generator pit. The coolers 
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are designed for a 35° C inlet water temperature, and 
for a working pressure of 25 to 75 psi. Thetest pressure 
will be 150 psi. With any two cooler elements out, the 
generator can carry at least 67°% load. The tempera- 
ture of the cooling air at the outlet will be 45° C. Flow 
alarms are provided in the cooling water line for the 
air coolers and for the bearings, and in the bearing- 
oil lines. 


The generators are furnished with the usual tem- 
perature detector elements embedded in the stator 
windings, in the bearings and in the cooling air. In 
addition to the usual brushes on the slip rings, an extra 
set of collector ring brushes, brush holders and termi- 
nals are provided for operating a rotor temperature 
detector. 


Guide bearings are located on either side of gene- 
rator. Main exciter is also provided with a guide 
bearing on the upsteam end. Two oiler rings are 
provided on the shaft in each bearing. One AC and 
one DC stand-by oil pump rated at 4 kW and 415 
volts 3 phase 50 cycles AC and 250 volts DC respective- 
ly are provided for the purposes of lubrication. Two 
100°%, bearing oil surface coolers are provided to cool 
thelubricating oil. The bearings are designed to operate 
at a temperature of 60° C. Two jacking pumps each 
rated at 1.5 kW 250 volts DC are provided on each 
beaving to lift the rotor during starting and shut down. 
All bearings are insulated to prevent flow of shaft 
currents. 


Transformers 

The step-up transformers are of the OFW 3-phase 
type and has a rating of 25 mVA each. They will be 
connected solidly to the generators for unit operation. 
The no-load voltage ratio is 11000/33000 and the 
connection is delta star. Windings are fully insulated 
and not graded. These forced-oil water-cooled trans- 
formers are equipped with two 100°%,capacity coolers. 
The oil pump motors are rated at 2.2 HP 415 volts 
3 phase 50 cycles AC. The coolers are designed for 
cooling water temperature of 35°C and a pressure of 
6 psi. Cooling water is tapped from the turbine scroll 
case and thence reduced in pressure from the header 
pressure of 61/34 psi. to 6 psi. The water from the 
coolers drains under gravity into the station sump 
and thence to the tailrace by the sump pumps. The 
quantity of water required per cooler is 80 g.p.m. 


The transformers are provided with off-load ratio 
adjusters for rated kVA output and a voltage varia- 
tion of +74% + 5% and + 24%. 


Signalling and tripping contacts for failure of oil 
and water flow, maloperation of tap changer, excessive 
winding temperature, gas production, oil turbulance 
and other usual devices are provided. 


Each transformer is located in a separate vault 
adjacent to the ascesstunnel. Thetransformers being 
of the outdoor type the vault has no drip proof roof. 
The vault opeaings are provided with rolling steel 
doors which will be kept normally open. Ventilation 
of the vault is aided by an exhaust fan provided at the 
top of the 11 kV bus duct which exhausts the air into 
the power house basement. Fire protection willl be 
by carbon dioxide. In the event of a fire, the exhaust 
fan will shut down and the steel doors will close under 
pressure and/or fusible link tripping. 


Facilities for woatanking the transformers will also 
be provided in the power station. For this purpose, 
the transformers will be lowered through the equip- 
ment hatch and then untanked by means of the power 
station crane. A floor trough or dwarf walls will be 
provided in the El. 310.5 floor to prevent migra- 
tion of oil during untanking. This procedure has enabl- 
ed the power house height to be kept low consistent 
with the requirements for moving only the generator 
rotor and stator halves. 


Chilling sumps are also provided in the transformer 
vault basement to collect spilt oil. The oil will be dis- 
charged into the tailrace by means of a pump. 


Bus bar connections between the generators and 
transformers primary windings are designed for 
1500 amps. capacity, and will consist of aluminium 
flats. The bus barsare screened and mountedon bus 
supports of American Standard, Class15H (A-20) rated 
15 kV. All bus bars are laid out in a single tier forma- 
tion and are suspended from the roof in the cable 
gallery. 


High Voltage Cables 

The transformer HV winding are connected to the 
switchgear located overground in the switchyard by 
means of two 0.4 sq. in. solid type,paper insulated, 
35 kV, three-conductor shielded, non-migrating 
compound filled, flat-band armoured cables, connected 
in parallel. The cables are carried at the crown of the 
access tunnel and run up a gradient of 12% for about 
630 ft. and then down a gradient of 8°, for about 
750 ft. As the cables will be subject to a maximum 
ambient temperature of 50°C and run on gradients 
referred to above the terminating potheads and tri- 
furcating boxes are oil filled and provided with a 
suitable oil reservoir. The potheads in the transformer 
vaults are mounted horizontally while those outdoor 
at the switchyard are mounted vertically. The combi- 
nation of cables have a current carrying capacity of 
about 450 amperes. A rating factor of 50°, has been 
adopted for the site conditions. 


The cables, with their joints and terminals are 
designed to meet the same impulse level as that of the 
transformers viz. 250 kV with a 1/50 micro-second 
impulse. 


Auxiliary Power Supply 

Auxiliary power supply in the station is at 415 volts 
3 phase 50 cycles AC and at 250 volts DC. All auxi- 
liary AC power is derived from the grid and/or the 
generators. For this purposea dry type, 11/0.415 kV 
delta/star 400kVA unit auxiliary transformer is con- 
nected in tee with each generator. A 11kV remote 
pneumatic operated disconnecting switch is inter- 
posed between the generator and the unit auxiliary 
transformer tee-off connection. The opening or closing 
of this switch will permit the main power transformer 
to be operated as a step-down or step-up unit. During 
step-down operation auxiliary power will be derived 
from the grid. During step-up operation the auxiliary 
power will be derived from the generator. 


The power requirements of the switchyard and dam 
auxiliaries are obtained from a dry type 200 kVA 
11/3°3 kV delta/ star auxiliary transformer connected 
to each generator. The switchyard and dam auxiliaries 
are located at a distance of 550 and 900 yards 
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respectively from the unit auxiliary transformers. 
Separate 200 kVA transformers step down the voltage 
from 3.3 kV to 415 volts for auxiliary power supply 
at the switchyard and dam respectively. 


The main station service board is divided into two 
sections. One section is fed by two transformers and the 
other by the third transformer. The two sections are 
connected by means of a bus coupler. 


The AC auxiliary power system is controlled from 
control panels located in the control station over- 
ground. This panel controls all the 3-transformer 
incoming 415 volts breakers, the bus coupler breaker, 
the 3.3 kV breakers, and also the switchyard and dam 
auxiliary board 415 voltsin coming breakers. Paralle- 
ling of any of the transformers is avoided by the pro- 
vision of cylindrical locks in the control switches of the 
associated breakers. The locks permit the operator to 
use his judgement to avoid paralleling. 


The DC system is 250 volts ungrounded. The 
battery comprises a 120 cell 200 AH bank of lead 
acid type, control bus accumulators. The battery 
will be float charged by a 10 kW M/G set at 258 volts. 
Two identical M/G sets are provided which are capable 
of operating in parallel for battery charging and/or 
supplying load. In view of the variable continuous 
load on the DC system the M/G sets are equipped 
with an automatic voltage regulator of the rheostatic 
type. The continuous load on the DC system will be 
about 3 kW ; starting and shut down load will be 4.5 
kW ; and variable loads of the order of 4.5 kW. 


The battery capacity is adequate to supply an 
emergency station lighting load of 12.5 kW for 3 hours, 
or starting power for all essential auxiliaries after an 
emergency shut down. In addition to the above it can 
supply its normal continuous load for a reasonable 
time. The switching arrangement permits the battery 
to be isolated from the bus and independently charged 
at a quick rate at a higher voltage than the loads can 
stand. The M/G set rating is such as to permit recharg- 
ing the battery in about 6 hours after an emergency 
shut down. During such periods the second M/G set 
will be connected to the station bus for supplying 
starting and other loads. 


Control System 

The control system has been so designed that each 
generating unit can be started up and brought to nor- 
mal speed, 


Either 

(a) through master push-buttons located in the 
underground actuator cabinet and in the over- 
ground control panel on the principle of semi- 
automatic sequential parallel system. The 
head gate will open, all the auxiliaries will 
start functioning, the governor solenoid will 
be energised to open the wicket gates and 
finally when the unit has reached normal speed, 
the transfer relay will energise signalling to 
the overground control station that the unit 
is ready for synchronizing. 


Or, 
(6) through individual push buttons located on the 
actuator cabinet to start each of the auxiliaries 


separately and to carry out the various stages 


~— 


of starting-up operation step by step with 
necessary interlocking to prevent maloperation. 


In either case the annunciation and alarm system 
will be put into service at such stages when it is expec- 
ed that all auxiliaries have started functioning. In 
case of semi-automatic control, however, if the unit 
does not reach normal speed within a predetermined 
time, an excess time relay will operate to completely 
bring the unit to standstill. 


Normal shut-down of the unit is effected by ‘stop’ 
push buttons locate] in the underground actuator 
cabinet and in the overground control panel for 
automatic operation and also by individual push- 
buttons at the actuator cabinet for step by step 
operation. 


Protection & Metering 
The generator/transformer protective gear comprise 
the following :— 


Generator 
State orearth fault 100°, winding protection ; 
Differential protection across generator ; 
Rotor earth fault protection ; 
Overvoltage and overspeed protection. 


Main Power Transformer 
Restricted earth fault protection of 33 kV winding 
Buchholz protection. 


Generator/ Transformer/33 kV Cables 
Differential protection ; 
Back-up over current/earth fault protection. 


Unit auxiliary transformer 
Overcurrent protection (11 kV side) ; 
Generator/transformer differential. 


In view of the long distance (550 yards) between the 
generators and the switchgear one ampere secondary 
CTs are used to keep the lead burden low. Relays 
located within the power house are operated off 
standard 5 ampere secondary CTs. 


An elaborate tripping and signalling arrangement 
has been adopted for each turbine-generator-trans- 
former unit. 


Emergency shutdown of the unit is effected auto- 
matically on the operation of any of the protective 
relays associated with turbine, generator and trans- 
former provided for this purpose or manually by means 
of emergency shutdown push buttons located on the 
actuator cabinet and in the control station. For 
electrical faults which are likely to cause damage, the 
unit will undergo shutdown to standstill in which the 
33 kV oil circuit breaker, generator field breaker and 
governor solenoid will be instantaneously tripped. 
For mechanical faults, e.g. overspeed, excessive bearing 
temperature etc., the unit will also undergo shutdown 
to standstill in which the governor solenoid is instant- 
aneously tripped, but the 33 kV oil circuit breaker is 
tripped after the wicket gates have closed to speed 
no-load position and the generator field breaker is 
tripped after the unit has come to rest. The differen- 
tiation in emergency shutdown is considered desirable, 
as in the second case, there will not be instantaneous 
rejection of full load and the generator field will help 
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in the retardation of the rotating mass. For other 
non-damaging electrical faults, the generator and 
transformer unit is isolated instantaneously from the 
grid but the turbine continues to run at the normal 
speed. 


The generator instrumentation and metering is 
conventional. The instruments are mounted on con- 
trol panels located overground in the control station. 
A temperature indicator mounted on the generator 
located in the power house will indicate the winding 
temperatures at various points through a suitable 
selector switch. 


Miscelianeous Equipment 


Fire Protection 

Fire protection in the power station is basically by 
CO, system. A separate CO, battery is provided 
each for the protection of the generators and trans- 
formers. The battery is however common for the three 
generators and three transformers respectively, as it is 
assumed that not more than one machine will be in- 
volved in a fire at any one time. Wall mounted 15 
lbs. CO, units are located at strategic points in 
the power station. 50 lbs. CO, wheeled units are also 
located, one each in the machine hall floor and the 
basement. 


Other precautions taken are the provision of dry 
type auxiliary trasformers air circuit breakers instead 
of oil circuit breakers, and use of instrument and pro- 
tective transformer of the air insulated and non- 
inflammable fluid filled types. 


Unwatering System 

The unwatering system comprises four. vertical 
pumps with non-clog impellers in a wet pit driven by 40 
squirrel cage motors. Each motor is provided with an 
HPAC air break direct-on-line starter of the combina- 
tion type. The pump operation is automatic through 
floatless electrodes and the sequence of starting of the 
four pumps in successtion is controlled by a 4-pump 
automatic sequence alternator in order that the wear 
and tear of each pump could be equalised. 


A float operated high water alarm contact is pro- 
vided to signal! high water level in the sump. 


Raw Water System 

The raw water system comprises a main header 
which is fed from the three spiral casings. Suitable 
tee-off connections are taken from the header through 
valves to meet the cooling water requirements for 
each turbine-generator unit. The main header also 
serves the main transformers and other station service 
auxiliaries. The outlet water from all equipment, 
excepting transformers, flows directly into the tailrace. 


Ventilation 

An important problem in a sound design of an 
underground station is adequate ventilation. In 
Maithon the‘ ventilation system comprises three 
exhaust fans of the axial flow type, each rated for 
40,000 cfm of air under a static water head of 2 inch. 
The fans are located inside a structure on the top of 
the emergency exit shaft. The air is drawn in through 
the main access tunnel and to counter against occa- 
sional dust storm the air is fed through mechanical 
self-cleaning filter. Control louvres of the fixed and 
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adjustable type are provided at key points inside 
the power house in order to maintain uniform distri- 
bution and temperature of the incoming air through- 
out the power house. 


Switchyard and Control Station 

The control as indicated earlier is from a control 
station, located near the switchyard, which is over- 
ground at the downstream side of the earth dam in- 
dicated in Fig. 1. From this control station it is possible 
to start up, synchronise and load the generating 
units. The auxiliary AC power system, as indicated 
earlier, is also controlled from this overground loca- 
tion. In addition to the above-mentioned controls, 
the station has other panels controlling the spillway 
gates, the 132 kV line and transformer breakers, and 
the 33 kV feeder breakers of the Maithon 132 kV grid 
substation which forms part of the DVC Transmission 
system. This substation will have an ultimate trans- 
former capacity of 90 mVA. 


Erection 

In view of the underground location of the power 
station with an access tunnel, the dimensions of which 
are limited by economic considerations, the turbine- 
generator equipment had to be brought into the 
power station in suitable sections for assembling at 
site.Of particular interest is the erection of turbine 
spiral casing, draft tube liners, runner and generator 
rotors. 


To erect the spiral casing and draft tube which in- 
volve welding of successive sections, special erection 
tools like lattice masts, monorail hoists in the turbine 
niche were utilised. Lattice masts kept the stay 
ring in position when the spiral casing sections were 
welded to each other, and finally rivetted to the stay 
ring. The assembled spiral casing was then pressure- 
tested to detect distortion or leaks. The turbine 
runner and shaft were individually brought into 
the vault and assembled together. This assembly re- 
quired ihe use of a dismantling truck and special sup- 
ports. Provisons were made to adjust the height 
of the support so that the runner and shaft assembly 
could be moved into position, maintaining suitable 
clearances from the stationary parts. 


The generator rotor spider came in two sections and 
each section was shrunk to the generator shaft in the 
power house erection bay. The poles were fitted to 
the spider after the spider with the shaft was placed 
on its bearings in situ. 


Other 
mention. 


equipment erection deserves no_ special 


Conclusion 

When this station goes into commercial operation 
the system will be augmented by a capacity of 75 
mVA and energy by 164 million kWh. The comple- 
tion of this station will be followed by the 40 mW unit 
at Panchet Hill hydro station, having an ultimate 
capacity of 80 mW. It is expected that the fourth unit 
at Bokaro with a capacity of 75 mW and two more 


‘units of similar capacity at Durgapur will go into 


operation in 1959. This will raise the system installed 
capacity to 600 mW, firm capacity to 460 mW to meet 
an anticipated system load of 460 mW at 60% load 
factor in the year 1959-60. The DVC system, in addi- 

[Continued on pane 50- 
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A CARRIER CURRENT TELEPHONY 
INSTALLATION 


On the right can be seen the coupling 
to the high voltage line 
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General Features of 


Underground Powerhouse 


at Maithon 





By N. L. MULAY 
Executive Engineer, Water Control, Maithon Project 


The Maithon underground power station forms an 
integral part of the multi-purpose scheme consisting 
of a 162 ft. high earth-cum-concrete dam at Maithon 
across the Barakar river. 


The power house features shown on Plate No.1 are 
located on the left bank of the river. These consist of 
the intake structure, penstocks, the powerhouse 
chamber, the surge chamber with a vertical shaft 
leading up to the ground, the tailrace tunnel, the 
ventilating and emergency exit shaft, the access 
tunnel and the switchyard. 


The power station is of the underground type of an 
interesting and novel design, occupying a chamber 
excavated in the rock below the intake structure. It 
departs from the universal practice of using vertical- 
unit desiga with several advantages by using hori- 
zontal units as shown in Plate No. II. 


This type of powerhouse was selected on the basis 
of preliminary cost comparisons which showed that 
an underground plant would be less expensive than 
the conventional aboveground plant with com- 
parable facilities for the following reasons : 


(t) The rock is dense, smooth grained and struc- 
turally sound banded gneiss. 


Shorter penstocks, which is a factor of special 
importace with high heads and large pipe 
diameters, have reduced hydraulic losses and 
cost of steel. 


(ii 


~ 


(tz) In good rock, constructional details, such as 
columns, walls, foundations and crane girders 
could be considerably simplified as compared 
with stations in the open. 


(iv) Because of the low elevation related to tail- 
water, a surface powerhouse would require 
too costly substructure against outside pressure 
due to high tailwater. 


(v) The underground location has shortened the 
concrete structure, eliminated the tailrace 
cut and has permitted continuous and inde- 
pendent construction regardless of season of 





the year by getting it out of the path of mon- 
soon floods. 


The advantages gained by horizontal setting of the 
units are as follows: 


(t) It permits a compact layout with a resultant 
reduction of excavation as compared with a 
vertical unit. 


(it) The elbows in the penstocks ahead of the 
turbines, required in the vertical setting are 
eliminated and the penstocks enter the scroll 
cases tangentially without elbow bends. It 
also permits the use of a straight conical 
draft tube of simpler construction than an 
elbow tube. 


(itt) The absence of penstock elbows and of the 
draft tubes will conduce toward higher hydrau- 
lic efficiency and smoothen operation. 


(iv) The time of construction is materially shorten- 
ed due to less pours of concrete and the simul- 
taneous installation of turbines and genera- 
tors. 


Intake 

The intake is located about 153 feet upstream of 
the centerline of turbines. It consists of three water 
passages, 45 feet on centers, formed by reinforced 
concrete slabs and walls. Three R.C.C. gate towers 
with service and emergency gate slots rise above 
maximum headwater with an operating deck at El. 
508 (Figure 1). The access to the towers is provided 
by a 60 ft. span single lane bridge. An electrically 
operated, single trolley, outdoor gantry crane with 
67 ton main hoist and 4.5 ton jib hoist is provided 
for operation of the intake emergency gate, for instal- 
ling. dismantling and servicing the intake service gates 
and hoists and for handling trash. The water passages 
provide for the rated full load discharge of 2400 cfs, 
through each unit. The hoist rooms are cantilevered 
from tho back face of the gate towers. They are of re- 
inforced concrete designed for maximum pool at EI.500 
with normal stresses. Access to the hoist rooms is 
provided by inter-connecting platforms spanning from 
room toroom. Provision is also made for a 20-in float 
well in the intake No. 3 for an automatic headwater 
guage recorder and transmitter. 
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Fig. 1 : Intake towers on the left bank 
nearing completion. 


Penstocks ; 

Three penstocks, one for each unit, are provided. 
Each one consists of an 18 ft. horse-shoe shaped 
tunnel and a 16 ft. diameter vertical shaft ex¢a- 
vated in rock and lined with unreinforced concrete 
and an all-welded steel plate liner. The horizontal 
portion of the liner is 14 ft. inside diameter and the 
vertical portion is 13 ft. inside diameter. Maximum 
velocity through the penstock is 15.6 fps. Piezometer 
piping is installed in the horizontal portion for the 
turbine efficiency tests. These liners have been fabri- 
cated at the DVC’s Central Mechanical and Fabricat- 
ing Shop in Maithon. A longitudinal section of the 
power station features along the CL of Unit No.1 is 
shown on Plate No. II. 


Power Station Chamber 

This consists of generator bay, erection bay, service 
bay, turbine vaults and transformer vault. It is 45 ft. 
wide, 234 ft. long and 58 ft. high between sub-struc- 
ture floor (El.310.5) and crown of the powerhouse 
roof arch. It is served by a 115 ton capacity, double 
trolley overhead electric indoor travelling crane equip- 
ped with a two-motor monorail hoist of 10 ton capacity. 
It travels on a runway consisting of rails (40’-6” C 
to C) mounted on steel girders and columns along the 
upstream and downstream sides of the powerstation. 


Space is provided for the generators, turbine gover- 
nors and miscellaneous mechanical and _ electrical 
equipment in the generator bay at E1328. The 
erection bay is north of the generator bay for conveni- 
ent entry of the access tunnel. The service bay is 
north of the erection bay. 


The turbines are located in three separate vaults 
with semi-circular arches leading off the downstream 
side of the generator hall with rails in the roof and floor 
for installation and removal of the turbine parts. 
The 33 kV transformers are located a short distance 
downstream of the erection bay ina vault at the north 
side of the access tunnel that emerges from the erec- 
tion bay. The layout of various items of electrical 
and mechanical equipment etc., in the generator, 
erection and service bays is indicated on Plate No. IIT. 
Similarly Plate No. IV shows the equipment placed 
on the sub-structure floor at El. 310.5. 


The roofs in the generator, erection and service bays 
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and in the turbine and transformer vaults are designed 
as unreinforced arches. Except for the turbine vault 
all arches are parabolic. A suspended drip ceiling is 
provided over the generator, erection and service 
bays to prevent any seepage through the roof arch. 


Surge Chamber and Tail Tunnel 

The surge chamber is located downstream of the 
power station chamber and directly above the draft 
tube outlets. The chamber, excavated in rock, also 
serves as operating space for the draft tube gates 
which are provided for closing 19.5 ft. diameter draft 
tube openings. A small inclined tunnel connects the 
surge chamber to the powerstation emergency exit 
and ventilating shaft. The surge chamber is unlined 
except for the roof, the height of which was governed 
by surge heights and access requirements. An in- 
dependent vertical vent shaft, 8 ft. in diameter, con- 
nects the crown of the roof arch to the ground above. 
A 20 inch outside diameter float well is provided in 
Unit No. 3 in the surge chamber, adjacent to the up- 
stream wall for installing one automatic. tailwater 
gauge recorder and transmitter. 


A short separate tail tunnel is provided for each 
unit downstream of the surge chamber. These merge 
into a long common tail tunnel which intersects the 
existing diversion tunnel as shown in Plate No.I 
The tail tunnels are gothic shaped and unlined ex- 
cept in regions of weak rock. 


Access and Ventilation 
Normal access for personnel and equipment is 
provided by an 18 ft. wide inclined access tunnel of 
gothic shape extending across the left abutment with 
portal near the upstream end of the tailrace channel 
and entering the power station at generator floor level 
in the erection bay. In Figure 2, the Access tunnel 





Fig. 2: Access tunnel portal is seen directly above the 
downstream end of the tailrace tunnel portal against 
the background of the earth dam and the left bank hill. 


portal is seen directly above the tailrace tunnel 


portal against the background of the earth dam and 
the hill. 


Emergency exit is provided by a 12 ft. diameter 
vertical shaft from ground surface connected to the- 
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power station by a lateral tunnel entering the power 
station at the end opposite to the access tunnel en- 
trance. The access tunnel and emergency exit shaft 
form parts of the power station ventilating system 
with exhaust fans set in a fan house at the top of this 


vertical shaft. 


The access tunnel, power station and power station 
sub-structure will be ventilated and cooled with out- 
side air. The general circulation consists of taking 
fresh air from above ground passing it through the 
access tunnel and various portions of power station, 
and exhausting it to atmosphere above ground by 
passing it through the emergency escape shaft. 


Drainage 
Provision is made to collect ground water seepage 
by means of gutters around the entire periphery of 
the power station which will be drained to the station 
sump, from where the water will be pumped to tail- 
water. Elaborate arrangement for draining generator 
pits, battery room, turbine vaults, access tunnel 


etc. is also made. 


Main Generating Units and Power Transformers 
(a) Turbines 
The turbines are of the horizontal shaft, single over- 
hung runner Francis type, with plate-steel spiral 
case, straight conical type draft tube, and actuator 
type oil-pressure governor system They will operate 
under the following net effective heads : 
1. Maximum <s) S87 HR, 
2. Average 204 ft. 
3. Minimum io- am 


There are three such units, each has guaranteed 
rated capacity of 25,500 HP at near best efficiency 
when operating at 176.5 r.p.m. (under the rated 
head of 104 feet. The centerline of the turbine shaft 
is at E1.332. 


(b) Generators 

Each of the three generators is of the horizontal 
shaft, hydraulic turbine driven type, with surface 
air coolers, overhung main and pilot exciters. Each 
has a rated capacity of 25,000 kVA at 80% power 
factor, 11 kV, 176.5 r.p.m., 50 cycles, three phase. 


(c) Power Transformers 

There are three transformers, each 25 mVA, 11/33 
kV, delta/grounded star, 3 phase, 50 cycles. They 
are connected to the 33 kV switchgear and busbars 
located in the Maithon left bank substation by 
33 kV cables. 
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PURIFIERS 


Turbine Oil 

Insulating and Switch Oil 
Fuel Oil 

Engine Lubricating Oil 
Cutting Oil 

Grinding Compounds 
Engine Test Bed Lubricating Oil 
Paraffin-washing Equipment 
Benzine 

Non-Inflammable Solvénts 
Quenching Oils 


3 Hopkinsons’ Centrifugal Purifiers in 


installations all over the world, often 
under conditions of the most exacting 
character, have earned an incom- 
parable reputation for efficiency and 
reliable performance. 
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DVC Central Workshop and its 
Role in the Maithon Project 


Ss. P. MCKHERJEA 


Superintending Engineer, (Mechanical), Maithon Project 


The Central Workshop at Maithon had its origin in 
the miniature form in the beginning of 1950. It started 
with a mobile workshop mainly for repairs and servic- 
ing of vehicles. Simultaneously, with the setting up 
of a separate wing to meet the demands in respect of 
repairs, machining of components, manufacturing 
works of spares and different other fabricating jobs, 
particularly forthe Electrical department, the Central 
Workshop came into existence in the month of Decem- 
ber, 1950 to take its proper role for all the projects in 
the Corporation. 


The shop, as initially laid out, was not planned for 
any major production work. However, the demands 
made on the Workshop, in consequence of the preval- 
ent conditions in the market characterised by acute 
shortage of materials required for construction work 
and inordinately long delivery periods made it ab- 
solutely necessary to expand the Workshop further and 
equip it with modern up-to-date machinery. The 
bulk of the equipments were obtained partly from 
Disposals agency and German Reparations Directorate 
and balance from open market. 


The potentiality of the Workshop came to a severe 
test when the work on Plate Girder Bridges 36’ span 
length 504’ and trusses for Ranchi Patna Bypass 
Bridge 80)’ span to facilitate the inauguration of Tilaiya 
Dam by the Prime Minister of India by the scheduled 
time were entrusted to this Workshop. It is needless 
to say that by successfully handling the manufacture 
by the target date, the Workshop opened a new leaf in 
its history of further development. This was followed 
by the fabrication of other Project equipments of 
Tilaiya and the achievements made, led the Corpora- 
tion to make further capital investments for purchase of 
machinery and buildings. More departments were 
added and in view of the diversity in the nature of the 
work, the Workshop was divided in ten sections, e.g., 
Structural shop (light and heavy), Tool Room, Fitting 
Shop, Smithy, Foundry, Pattern Shop, Welding 
Shop, Mechanical and Electrical Maintenance Shop, 
and each one of these are equipped with modern upto 
date equipments. 


The shops and office are located at present on a plot 
having an area of 3.3 acres. It has got an adjoining 
further area of 1.4 acres for storage of materials. The 
assembly area is 2 acres. 


The main equipment of the Workshop takes into 
account 140 machines which include among others 
several heavy duty lathes upto 22’ long bed, Plate 
Bending machine to handle rolling of 1” thick plates, 
Fuso Are Welding Plant (Boveri Brown make), 
““Beche” Power Hammer, two ton Cupola for foundry , 
a modern PEP Multi-float (Plate Edge Preparation 
Machine) worked by Oxygen and Acetylene. The pur- 
chase of a Pantatron CR-500 unit at hand (for testing 
longitudinal and circumferential weld) will be of great 
asset in penstock and gate manufacture for projects 
in the country. 


The project strength consists of 23 divisions. With 
the demands emanating from different divisions, the 
necessity for a Planning and Progress Section and 
Production office assumed a paramount importance. 
While Planning and Progress Section is responsible 
for processing of job orders, preparation of estimates, 
planning of work, assessment of men and materials 
for different jobs, the production office is responsible 
for final booking of cost of labour and materials on the 
basis of which job costing on commercial basis is made 
and debits raised on other divisions. For carrying ins- 
pection at different stages of assembly work, there is an 
Inspection Wing attached to the Planning and Prog- 
ress Section. The master records maintained in the 
office give a detailed history of jobs executed with 
full data regarding the cost estimates, work order no. 
etc. as are warranted by the Special Accounting 
Memorandum for the Central Workshop located at 
Maithon. The statistics obtained from similar Govern- 
ment and Semi-Government organisations in India, e.g. 
Workshops at Bareilly, Amritsar, Ceatral Tractor 
Organisation at Delhi, indicate that the cost of pro- 
duction of this Workshop compares favourably with 
them. Since 1953, the Workshop which is a combina- 
tion of repairs and production shop is running in two 
shifts with full load and the average overhead varies 
from 170%, to 184°, showing its economical operation. 


The capital outlay of the Workshop is 17.8 lacs in 
Plant and Machinery, 12.6 lacs on Workshop buildings 
(including Factory buildings and Residentia! units) 
and 21.5 lacs in stores. The monthly production is 2.1 
lacs. The total production during the last six years of 
its existence is one crore of rupees. The amount of 
output has steadily increased from 1.78 lacs in 1950-51 
to 25.2 laes in 1955-56. 
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View showing the Cross-section of the Maithon 


their individual sections in the 


background 


Penstock with 


Though this was a Central Workshop which rendered 
services for the various projects of the Corporation, its 
contribution towards the construction and completion 
of the earth-cum-gravity dam at Maithon may be 
claimed to be a substantial one. The enormity of 
supply of structural equipmeats will be realised from 
the fact that it did make contribution of 2750 tons of 
fabricated materials for the Maithon Dam alone. 


In addition to this, the demand for spares for cons- 
truction machinery which could not be met with the 
supplying firms of the country, have been partly met 
from this Workshop. The supply of 5 lacs of rupees 
worth of spares only for the Maithon Project, let apart 
other projects, will bear testimony, to the work that 
this Workshop made to make the earthmoving wheels 
move on. The total supply for Maithon Project was 
40 laes in all. 


Non-ferrous castings as required for the manu- 
facture of spares were all made in this Workshop. 


For the Maithon Project alone, various kinds of 
works which have been executed for the Colony and 
the Dam are steel stagings for overhead tanks upto 
40,000 gallons, roof trusses and columns for buildings, 
steel works, curved approach to trestle bridge, bins and 
chutes for primary and secondary crusher, doors for 
adit, copper induction rails for the crane, tail water 
float well, pipe for the Power House, conveyor sprocket 
wheels and pinion, service gate air vents, diversion 
conduit gate with embedded parts, under sluice gate 
hoist, hoist beam and embedded parts, various kinds of 
steel pipes upto 36” dia., scroll case erecting poles, 
draft tube guides and hoists, trash rack and guides, 
cable trays and pipe hanger for Power House, hatch 
cover and frame and intake, power cable supports, 
spiral staircase etc. etc. Among them important ones 
are detailed below : 


1. Penstock 

14’ diameter, 150’ long made of 3/8” thick plates 
with a 89°-57’ Reducing bend which reduces the dia- 
meter from 14’ to 13’—Three Nos. Designed for 
working pressure—1l27’ head with water velocity at 
14’ dia.—15.6 ft. per sec. and at 13’ dia.-18.1 feet 
per second. 


These are pressure conduits for conveyance of water 
from reservoir to turbine. This acts as nerve for 
supply of energy to the turbine and is the most vital 
part of a Hydro-Electric Power Station. 


2. Undersluice emergency gate and guides (embedded) 
Size 13’ 18’—One number 
Weight—15 (Fifteen) tons. Embedded parts—5 sets 
size of each 11’-6” 70’ length ; each set weighs—7 
tons. 


This is used for controlling the discharge from the 
Undersluice in cases of emergencies, e.g., repairs, 
overhauling, breakdown etc. 


3. Draft Tube Gate and Guides 

Size 20’-6” x 20°3’—3 Nos. 

This is used for preventing water from the tailrace 
entering in the Draft Tube. 


4. Spillway Bridge 

Total length 612 ft. (12 spans of 51’ length each). 
Designed for carrying a load of two lengths of Indian 
Road Congress Class ‘A’ loading. 


The Spillway Bridge is meant for carrying the road- 
way over the openings of the Spillway of the concrete 
dam. This bridge is built of 48 Plate Girders ; each 
girder is 51’ long and weight 6} tons. 

). Panels 

Upstream—12’-8”" « 6’-0”—440 Nos. 
Downstream—12’-8” x 7’-4’—60 Nos. 
Total weight—559 tons. 


~ 


Steel Panels are used as a form work for concrete 
dam to hold the concrete in place during pouring and 
setting in of the concrete. 


6. Crane Runway for the Power House 

The runway is meant for a 115 ton crane which is 
used for handling heavy machinery of Power House 
during erection and overhandling. 


Allsubstation structures for Maithon Power House 
were fabricated in this workshop. For general informa- 
tion it is useful to know that this workshop success- 
fully completed all the requirements of 16 substations 
each dealing with 150 tons of steel approx in the Valley. 
Maithon Workshop is fully equipped with most 
modern type of equipments and has so far handled 
most complicated and heavy type of jobs both in 
structural and machine shops. It would not be out of 
place to mention that recently a 12 ton conical rotor 
of the primary crusher (Allis Chalmer) was successfully 
handled ina sixteen feet centre lathe for rethreading 
the ends of the 24” dia. shaft. 


Special fixture made on a 10 Ton all geared lathe 16’ 
centre for rethreading the end of a 12 Ton Conical 
Rotor Shaft of Primary Stone Crusher. 
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PATERSON 


THE LEADING NAME 
IN 
WATER PURIFICATION, FILTERS, 
CHLORINATORS, SOFTENERS, ETC. 


THE PATERSON ENGINEERING CO., (INDIA) PTE. LTD., 


21, THEATRE ROAD : CALCUTTA-I6 


PHONE NO. 44-3044/45 











BRAITHWAITE 


Designed and supplied 1000 tons of Steelwork 
for the revolving CRANE Structure 
for the MAITHON DAM. 








BRAITHWAITE & CO (INDIA) LIMITED 
CALCUTTA 
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Famous Names Geared 
To Indias Prosperity 






FORDSON 
MOORE ROAD ROLLER 
COUNTY CRAWLER 


WITH y f FORDSON 
BOUGHTON WINCH Ms AGA MOORE ROAD GRADER 


FORDSON COUNTY 


FOURDRIVE COUNTY CRAWLER 


The manufacturing organi- WITH BULLDOZER 
sations behind each one of 
the advertised equipment com- 
mand world wide reputation for 
quality and reliability, 
When choosing equipment for your 
work, do let us know your problems 
and requirements so as to give an 
opportunity to make recom- 
mendations for consideration 


COUNTY WITH 
ONION SCRAPER 


ASSEMBLERS & SOLE DISTRIBUTORS IN INDIA ot 
THE UNITED PROVINCES COMMERCIAL CORPORATION 


6, GANESH CHANDRA AVENUE, CALCUTTA 
Post Box No. 2491 
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Construction Materials 
and Stores at Maithon 


By 8S. P. MUKHERJEE 
Stores Officer, Central Stores (Civil), Maithon Project 


Const nabs ceeay I thought that these days pro- 
babiy the biggest temple and mosque and gurdwara 
is the place where man worked for the good of man- 
kind.” 


These stirring words were uttered by Shri Nehru 
when he visited Bhakra Dam. Indeed, recalling 
how thousands of our workers laboured untiringly in 
the grueling heat under the tropical sun or biting 
cold of December nights raising the Dam on the 
Barakar River, one cannot help feeling that such a 
thing can be built by those whose hearts are inspired 
with the vision of a happy and prosperous India, 
just as our forefathers felt when building temples at 
Konarak, Madura and Saranath. 


Maithon Dam is one of the mightiest achieve- 
ments of D.V.C. under the River Valley Projects ini- 
tiated by the Government of India. It stands to-day 
as @ monument of hard, untiring and incessant 
human toil to which thousands of our countrymen, 
both technical and non-technical, contributed their 
sweat and blood to reap the rich harvest of their 
dream. It will remain as an object of pride to D.V.C. 
workers and to our people, who take it for granted 
that the Dam is there to-day. 


To construct a Dam of such magnitude to the 
worth of 16.41 crores for controlling flood and genera- 
ting electricity to the capacity of 60,000 k.W. re- 
quires enormous aid of materials to harness the 
river to prosperity for our people. Success of such 
a project depends much upon the procurement of 
stores, keeping the essential materials of various 
types both indigenous and foreign, ready to meet the 
requirements of the architects engaged in the nation 
building work. With this end in view, Central Stores 
(Civil) came into being and the following enormous 
quantities of stores were handled :— 


1. Construction Materials : 


(A) Steel materials. 
(t) Sheet Piles 986.271 Tons. 
(it) Structural Steel .. 4623.75 
(tit) Reinforcement Steel 3015.00 
(B) Cement : 78763.00 
(C) Oils: as 
(t) Petrol 6.97 Lacs Galls. 
(#) H. S. D. ~ 28.2) 
(tit) Lubricants 1.97 


(tv) Grease 1.40 Coe f Lbs. 





(D) Explosives : 
(t) Gelatine 9.50 Lacs Lbs. Rs. 18.90 Lacs 
(ti) Detonator 6.30 Lacs Nos. Rs. 6.46 ,, 
(E) Water & Sanitary Fittings 
& Pipes: . . Rs. 20.00 Lacs. 
(F) Building materials 15.75 ,, 
(G) Electrical Goods 6.50, 
2. Construction Equipment : 
(a) Heavy Earth Moving 
Machinery including 
Compressors .. Rs. 151.00 Lacs 
(b) Concreting Plant .._,, 54.55 
(c) Miscellaneous Machi- 
nery 4 | | 
3. Spares for Earthmoving 
Equipment é Ray SUB: 5, 
4, Permanent Equipments for Dam only : 
Undersluice Service Gates .. Rs. 4.00 ,, 
Radial Crest Gates 29.75 ,, 


5. Hydel Power House : 
Electrical and Mechanical 
Construction materials 
Turbine, Generator, Trans- 
former, 

E.O.T. Crane with all acces- 


sories .. 5, 1856.00 Tons. 


In procuring and iia stores, we had to face 
tremendous difficulties. To easure non-stop running 
of machinery engaged in excavating and dumping, 
adequate quantities of spare parts had to be stored 
as non-availability of even asmall item might stop the 
entire construction work. Bottlencck was experi- 
enced in obtaining controlled goods viz. cement 
and steel and this was removed after best efforts by 
exercising constant vigilance on delivery schedule 
and persistant chasing of suppliers to guard against 
“hold up” in work. Ona certain occasion it so happened 
that spare parts had to be imported to India by air. 
To eliminate the chances of procuring materials 
with defective workmanship and inferior quality, 
standardised stores had to be obtained through D.G., 
S. & D. after getting them technically inspected 
by the Inspecting Wing. To guard against loss, short 
or damage of consignments in transit, Claim Section 
was established to prefer claims to the carriers and 
insurers. It gives me much pleasure to state that 

(Continwed on page 26) 








Choice of Power Units in the 
selection of Earth Moving Machine 


By K. A. MITTER, 
Executive Engineer (Mech.) Maithon Project, DVC. 


The complete range of earth-moving machines with 
the exception of bigger capacity excavators are ex- 
clusively powered by high speed diesel engines. 
High speed diesel engines and earth-moving machines 
have grown side by side over the last 20 years and 
a close relation between them can be observed. The 
high speed diesel engine can be classed into two 
groups (t) High speed automotive; and (i¢) High speed 
industrial. 


Earth-moving machine manufacturers with the 
exception of Caterpillar and to some extent Int. 
Harvester exclusively draws upon diesel manufac- 
turers to supply the power unit. Most of the earth- 
moving manufacturers offer choice of power unit to 
the customer. In most cases 2 to 3 makes of power 
units are offered from their standard range. The 
names of some such firms are given below : 


Euclid Dumpers & Motor G. M., Cummins, 
Scrapers & Loaders. Leyland, 
Rolls Royce. 
LeTournean equipments G. M., Cummins, Buda. 


Allis-Chalmer wheeled G.M., Buda, Cummins 
equipments. 
Wooldridge wheeled 
equment Cummins, G.M. 
P. & H. Excavators Caterpillar, Waukesha, 
Cummins. 
Link Belt. Cummins, Caterpillar. 
Marion. Cummins, Caterpillar, G.M. 


Bucyrus Erie. Cummins, Buda, G.M. 

In some cases the excavator manufacturers even 
allow a customer to have choice of any make of engine 
he likes. These options give the customer a chance to 
choose the engine which is most suitable to him. 
With careful choice of power units savings upto 25% 
or more of the total operational and maintenance costs 
can beeffected. Choice of power unit depends uponthe 
following considerations :— 


(1) Satisfactory horse power and torque character- 
istic of the engine. 

(2) Scope of standardisation. 

(3) Dependibility, life between overhaul and cost of 
spares. 


Engine Requirement of Machines 
(a) Dumpers & Motor Scrapers: In the post-war 
years the horse power requirement per cu.yd. of pay 


. 


load have increased to improve the performance of 
rubber tyred equipments. With additional power the 
dumpers and motor scrapers can work faster and the 
output increases considerably. A 13 cu.yd (struck) 
Euclid dumper in 1945 was powered by a 150 H.P. 
engine. In 1952 the same dumper was powered by a 
200 H.P. engine, increasing the power per (struck) 
cu.yd. from 11.6 to 15.4., H.P. an increase of 3.8 H.P. 
In 1945 LeTournean Super ‘‘C”’ 10 cu. yd. motor scra- 
per was powered by an 150 H.P. Cummins engine. Since 
1952 La-Plant Choate introduced a 14 cu.yd. (struck) 
motor scraper with a 280 H.P. Buda engine giving 20 
H.P. per cu.yd. of load which is a 25% increase over 
1945 Le-Tournean power unit. However, the trend in 
z.c. increase has almost stabilised for the last 5 years 
and by best standards a bottom dumper needs 15 H.P. 
per cu.yd. and motor scrapers 18 H.P. per cu.yd. 
However, various under-powered machines have been 
marketed recently but these machines have failed to 
give the best to its owners. For obtaining best results 
the engines that have suitable power for 13/14 cu.yd. 
bottom dumper and 10/11 cu.yd. motor scraper are :— 


1. Cummins N.H. 

2. G.M. 6-71 with 70 m.m. injector } 

. Buda 6 DA-970. > 190/200 H.P. 
. Rolls Royce 6 N.F.L. J class. 

. Caterpillar DW-15 engine (54” x 63”) 

. Leyland 900 


Sole Wwe 


The 10 cu.yd. or 15 ton rear dumpers have been 
powered by 150 H.P. engines and only recently the 
horse power increase has been noted. Suitable engines 
to power 10. cu.yd. dumpers are :— 


1. Cummins H.R. 7} 
2. G.M. 6-71 | 

Buda 6 DC 844 150/165 H.P. 
. Rolls Royce 6 N.F.L. | Class. 

. Leyland 680 J 


te OO 


« 
~ 


The 15 cu.yd. (22 ton) capacity rear dumper and 
18 cu.yd. (25 ton) bottom dumper and 15 cu.yd. motor 
seraper require engines of 275 H.P.class. These bigger 
machines have been developed in the post-war period. 
The engine manufacturers in most cases have souped 
up their normally aspirated 200 H.P. class engine to 
cater the requirement of machine manufacturers. 
G.M. have, however, introduced a new engine in 275 
H.P. class with bigger piston replacement known as 
110 series (The 71 series had already been fully stret- 
ched by introducing 70 m.m. injectors to give 190 H.P. 
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at 2000 R.P.M.) Lately, of course, the horse power of 
6-71 automotive model has been increased to 226 by 
increasing the r.p.m. to 2300 which may give this 
engine an edge over other 200 H.P. class engine). 
The case for super-charged 275 H.P. engines must be 
thoroughly gone into. The life of these machines is 
considerably less than the normally aspirated 200 H.P. 
class engines and in most cases the life is 30 to 40% 
less than their normally aspirated versions. The 
torque characteristic is also not very favourable for 
earth-moving jobs. The engines are prone to stall below 
1000 R.P.H. and require frequent shifting of gears. 
These supercharged engines do not lug like the normally 
aspirated engines Compression ratio being low ( 1 : 
13.5 in comparison to 1: 15 or 1: 16 of normally 
aspirated engines), cold starting without aid is parti- 
cularly difficult though electric cranking is little 
easier. In some cases, particularly Cummins NHS, 
NHRSand HS, fuel consumption in lbs/bhp/hr. is high 
and engine exhaust is smoky at lower engine speeds. 
As for G.M. 275 H.P. 110-series engine, customers’ 
experience has been far from satisfactory. Unlike the 
most successful 71 series engine, 110 series engine 
suffers from various defects and the life of the engine 
is far below the economic life of a normal diesel engine. 
For all these reasons, none of the engines in the 275 
H.P. class can offer the various outstanding qualities 
thet are required in 2» power unit of earth-moving 
machine and this is a big problem for operating bigger 
dumpers and scrapers. With a normally aspirated 
275 engine, having 2 minimum life of 5000 hours, the 
bigger machines could be more economical on the job. 
Some engine manufacturers like Cummins and Cater- 
pillars have also introduced turbocharged models of 
200 H.P. class normally aspirated engines. These 
engines behave the same way as super-charged engines 
fitted with roots type supercharger, but have lower 
fuel consumption due to partial heat recovery from 
exhaust gases which is used to drive the turbine of the 
turboblower unit. Experience on turbocharged en- 
gine is so far limited as they have been recently intro- 


duced in the market. The life of the turbo-blower 


unit should be a contributing factor. The turbine hasa 
maximum speed of about 50,000 r.p.m. and as such, it is 
hard to expect that bearings would last the hours 
between engine overhauls though the engine manu- 
facturers have taken special care for lubrication and 
oil filtration. This is, however, certain that neither 
the mechanically supercharged nor the turbocharged 
engine will be able to stand in comparison with normal- 
ly aspirated engine as regards life and immunity to- 
wards non-scheduled breakdowns. However, if used in 
conjunction with a torque converter the performance 
-of blown engines will improve, but unless the torque 
converter can be built around an automatic three 
speed transmission, trouble-free in service, the normally 
aspirated engines with conventional transmission will 
have preference. Rolls Royce 8 N.F.L. normally as- 
pirated engine which develops 266 H.P. has not yet 
been used in bigger dumpers and motor scrapers. 
The other manufacturers which offer a normally aspira- 
ted 275 H.P. engine is Hercules. Somehow or other 
due to its combustion chamber design the engine is 
not comparatively flexible for automotive application 
and is better suited for industrial marine or crawler 
tractor application. 


Shovels 
Power requirement of excavators, specially shovels, 
is different from dumpers or motor scrapers. The 


engines are required to have good lugging characteris- 
tic and ability to recover from stalls. The torque 
curve should be flat all over the speed range. For 
these reasons it is more advantageous to use high 
speed industrial engines instead of automotive 
engines as high speed industrial. Automotive engines 
are, however, quite acceptable for excavators below 1 
cu. yd. for reasons of lower cost and flexibility. Vari- 
ous automotive engines are offered for excavators 
upto 2$cu.yd. The engines generally revolve at high 
speed usually near or above 1500 R.P.M. and as such 
a long life to match excavator overhaul schedule is 
not expected. Such engines require 2 or sometimes 
3 overhauls before the excavator requires one. Diesel 
engines built exclusively for crawler tractor are, how- 
ever, found to be very suitable for excavators. The 
following engines have been proved to he successful 
in the following range of excavators : 


3/4 Cu.yd.—(75 H.P.range) Cat.D-318,G.M. 3-71. 
1} Cu.yd.—(125 H.P. range) Cat. D-13000, Mur- 
phy, ME-6 

24 Cu.yd.—(180 H.P. range) Cat. D-17000, Mur- 
phy, ME-660Buda 6 DC 1879, 5 VCB,Waukesha 
6 WAKD. 

34 Cu.yd.—(250 H.P. range) Cummins L-Ruston 

5VEB. 


Various automotive engines like 6-71 G.M., 110 
series G.M. Cummins N.H., Cummins N.H.S. etc. have 
been installed in 14 Cu.yd. and 24 cu.yd. machines, 
but their overall performances have not matched those 
mentioned above. 


However, when high speed engines are used in con- 
junction with a torque converter, better results are 
obtained, though the engine life still remains the same. 
Caterpillar engines have been most widely used in 
excavators upto 24 cu.yd. With the recent changes 
and modification of Caterpillar engines, their applica- 
tion to excavators have been revised. Cat. D-8800 
and D-13000 have undergone very little change in 
construction, the only visible change being re-location 
of the water pump. The horse power of these engine 
which are now known as D-339 and D-342 respectively 
have been extended by increasing the r.p.m. to 1200. 
D-17000 engine has undergone complete change 
though bore and stroke are the same as before and 
same as D-339 or D-342. The horse power in this 
engine which is now known as D-364 is increased to 
242 and a supercharged model known as D-375 is also 
offered as 350 H.P. engine. With these changes the 
following Caterpillar units are now offered against 
different sizes of excavators. 


3/4 Cu.yd -- D-318 
14 Cu.yd. .. D-342, D-326F 
2 Cu.yd. .. D-342 
24 Cu.yd. .. D-337 
34 Cu.yd. .. D-364 


The 24 Cu.yd. range is now covered by a turbo- 
charged automotive engine whose life and perfor- 
mance may not be as good as previous D-17000. How- 
ever, a derated D-364 may serve the purpose well in 
24 Cu. yd. range and at the same time give extra power 
for better performance 


Tractors 


For crawler tractors,the choice of power plant does not 


- 
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exist. All better known tractor manufacturers build 
their own engines excepting Oliver and it is only 
recently that Oliver has offered G.M. 71 series diesel 
in some of their models. 


( Allis Chalmer Till 1951 Between i951- 


| 56, 
| All 71 series 
| G.M. 71 series G.M. 
Popular ¢ and 110 series 
makes. | G.M since 1956 
all Buda. 


| 
| Caterpillar Own make. 
(Int. Harvester Own make. 


Oliver Cleytrac Hercules, G.M. 71 series. 
[ Buclia Te 12 Two G.M. 71 series engine. 


inseei | 
ted to “f Fowler Marshall Leyland 650, Meadows 600 
this 
coun- | 
try. i Vickers Rolls Royce 6 8.F.L. 
[| Ansaldo Alfa Romeo. 
8.80 (Russian) Own make. 


Of the above engines all are automotive type ex- 
cepting that of Caterpillar and Int. Harvester. These 
two being the oldest manufacturers of tractors, they 
specially designed their engines for tractor work. 
The crawler tractors which had a maximum speed of 
5 to 6 m.p.h. required an engine of flat torque chara- 
certistic for which Caterpillar and Int. Harvester 
engines are noted so much so that they are widely 
used in various other industrial applications. How- 
ever, with the increase in the speed from 6 to9 m.p.h. 
more flexible power units in the form of derated (R.P.M. 
reduced) automotive engines have been installed by 
tractor manufacturers and these engines in many 
cases have given satisfactory service. Examples are 
G.M. 6-71 engine installed in Allis Chalmer H.D-15 
Tractors. With the introduction of torque converters, 
the automotive engines have become indispensable. 
Euclid T.C.12, Allis Chalmer HD-21 and HD-16 all 
have high speed automotive diesel. Caterpillar have 
recently put up their D-8 and D-7 engines to 1200 
R.P.M. to gain tractor speed. Int. Harvester 
TD-24 whose engines revolves at 1350 R.P.M. gives 
satisfactory performance as regards speed and power. 


The Hercules diesel used in bigger Cleytrac tractors 
are also good power plants as far as torque and power 
are concerned. The DJ XC Hercules engine has a 
flat torque curve which gives good lugging power. 
The G.M. 71 series engines which had been used by 
Allis Chalmer until recently are also satisfactory as 
tractor power plants and gives 6000 hours or more be- 
tween overhauls when fitted with 55 m.m. injectors. 
TheG.M. engines are, however, prone to stallif R.P.M 
drops below 800. They cannot lug like a 4 stroke 
normally aspirated diesel but have other excellent 
qualities such as smoothness and freedom from vibra- 
tion. As far as British, Italian and Russian tractors 
are concerned, very few of them have been imported 
to this country to form an idea of their performance. 
Superficially V.R 180 is fitted with a Rolls Royce 
supercharged 6 S.F.L. diesel engine of open combus- 
tion chamber. As has been discussed earlier the experi- 
ence with supercharged engine with conventional 
transmission has not been very satisfactory. 


Standardisation of Power Units 
This is the most important factor which has a 
= influence in earning revenue indirectly by way 
Oo — 

(a) Easier and cheaper spares procurement and 
storage. 

(6) Less capital block up for stored spares, specially 
slow moving spares. 

(c) Uniform training of mechanics and assuring 
better quality of repair and maintenance work 
by using special tools which can be afforded if the 
engines are of one make. 


(d) Engine replacement schemes can be made to- 


function smoothly in co-operation with engine 
distributors if the customer does not find it 
economical and worthwhile to keep his own en- 
gine repairing organisation. Such cases will 
mostly prevail with smaller units where 4, 6 or 10 


machines are working and where the job is. 


temporary, like canal excavation, preparation 
of factory site etc. 

Good coverage for emergencies. In case an ex- 
cavator engine starts giving trouble for minor 
defects in fuel transfer pump or self starter or 
faulty injection system and if no replacement is 
readily available, they can be replaced from 
similar engines in other equipments like a 
bulldozer or acompressor etc. This is a great 
relief for operational staff. 


(e 


~ 


Knowing that an experienced and learned customer 
is anxious to have the above advantages, most engine 
manufacturers try to standardise their products so 
that few spares may serve a wide range of horse 
power. Some such practices are based on :— 


(1) Kindred design: that is building a range of 


engines of same cylinder dimension offering them in 
series from 2 of 3 cylinders to 6 or 8 cylinders. The 
fast wearing components like piston, rings, cylinder 
liner, con-rod, big-end and most of main bearings, cam 
shaft bearing, rockers, cam followers, tappets, valves 
valve spring, injectors, fuel pump plunger barrel, go. 
vernor, timing gears and timing cover remain common 
for the same family of engine series. This not only faci- 
litates standardisation but it greatly reduces produc- 
tion and marketting cost for an engine builder. Good 
examples of kinderation used in earth-moving mach- 
ines and mobile machinery are :— 


(1) Perkins P3,P4, P6-(34” x5” cylinder units.) 

(2) G.M. 2-71, 3-71, 4-71, 6-71 (43”x5” Cylinder 
units). 

(3) Caterpillar D-315, D-318 (44” x 5” Cylinder units) 

(4) Caterpillar D-8800, D-13000, D-17000 (53” x8” 
Cylinder units). 

(5) Ruston 4 VCB, 5VCB, 6 VCB. 

(6) Rolls Royce 4. N.F.L., 6 N.F.L. & 8 N.F.L. 


In all the above cases of kindred design the life of 
the engines is almost the same for the complete range 
though 25%higher life is observed for 6 cylinder units. 
This is due to less vibration and smoother operation of 
6 cylinder units over 2 or 4 cylinder versions because 
in six cylinder units with cranks at 120° the primary 
and secondary forces are fully balanced. The Cater- 
pillar tractor power units belonging to D-7 and D-8 
tractors being highly successful industria] engines 
have influenced the engine builders to extend the 
range of the industrial unit and V-type 8 and 12 cylin- 
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ders engines both in normally aspirated and blown 
versions have been designed with all basic components 
of D-8800 and D-13000 which are now known as D-339 
and D-242 respectively. D-17000 and D-364 have 
bigger diameter main and big end bearings than 4 & 6 
vylinder versions and naturally the connecting rod is 
aiso different ; otherwise all other fast moving com- 
ponents are same as that of 4 & 6 cylinder versions and 
to a large extent this engine meets the standardisation 
programme of the customer when he chooses Caterpi- 
llar engines of 53” bore and 8” stroke. 


(2) By keeping fixed stroke and varying the bore : 

Examples are 
Cummins H & NH: 
Buda + 
Hercules 


6 DC 844, 6DA 970 
DFXB, DFXC, DFXD,DFXE, 


DFXF. 
Murphy ME 6, ME 66. 
Leyland 600, 650. 


Here the number of cylinders is fixed so that the com- 
mon crankshaft is used throughout the range with cylin- 
der sleeves piston and valves of different dimensions. 
Such an arrangement satisfies standardisation prog- 
ramme to a fair extent. However, the horse power 
range under this principle is short and hence the scope 
of standardisation for complete range of mobile plant 
generally used in a project is limited. 

(3) By supercharging or turbocharging normally 
aspirated engines :— 
examples are: Cummins HS—blown version of H 


- NHS, NT— Me NH 
Murphy ME 660 ME66 
Buda 6 DCS 844 ,,  6DC 844 

6 DCS 970 ,, 6DC 970 
Caterpillar D-337 ‘ D-326 
Rolls Royce 4 SFL 4 NFL. 

a 6 SFL ; 6 NEL. 
a 8 SFL. » 8 NEL. 


Here- again excepting piston (for lower com. ratio) 
and fuel injection equipment for higher capacity, the 
basic engine remains the same. In most cases, however, 
camshaft for blown version has a different design as it 
is advantageous to use a higher valve lift and longer 
valve openinzfor blownengines. The scope is however, 
limited by short range. 

(4) Combination of (i) (ii) & (tit) 

Many of the above engine mnaufacturers have desi- 
gned their engines and have utilised ajl the above 
three principles. Examples are :— 

Cummins HB-400, HB-600, HS, NH, NHS, NHRS, 

NT, NRT. 
Rolls Royce—4 NFL, 6 NFL, 8 NFL, 4 SFL, 6 
SFL, 8SFL. 

It may be noted that the same engine in different 
form has the same horse power 

Example : Cummins HS, Cummins N,H. 

Rolls Royce 46FL, 6 NFL. 

However, as has been discussed earlier in earth- 
moving machine blown versions of normally aspirated 
engines have beea less encouraging from the point of 
view of flexibility and engine life. Hence the engine 
builders vie to offer the same h.p. engine in two forms 
is not wholly understood. There could be little or no 
price difference for the two versions. 


Dependability, Life between overhauls, Cost of spares 


In one word this means the quality of an engine. 
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The dependibility of an engine depends upon two basic 
qualities (a) quick starting under severe weather 
conditions and (b) non-scheduled breakdowns. 


Quick starting of an engine depends upon cranking 
speed, injector and cumbustion chamber design and 
compression ratio. Excepting Caterpillar engine and a 
few other makes of industrial engines, all others employ 
electric starter motors to crank the main engine and 
these are manufactured by electrical accessory manu- 
facturers. Upto 4’ or 44’ bore 12 Volt starters are 
employed and above that 24 Volt starters are used. 
Capacity of battery depends upon starter requirement 
and in this respect two stroke G.M. 71 series engines 
have an edge over other electrically cranked engines 
of comparable power. Caterpillar engines, of course, 
have the most dependable arrangement as they are 
equipped with petrol engines of adequate power to 
start them. These petrol starting engines can be 
easily started either by hand cranking or 6V. electric 
starters. The hot exhaust from these petrol starting 
engines are advantageously used to warm, induction 
air for the main engine (D-17000 an exception). 


Many engines which are electrically cranked have 
starting aids, mostly in the form of heating induction 
air or injecting in the induction manifold. But com- 
paring between the two systems the petrol engine 
starters are found more dependable, specially if the 
engine is used as an industrial unit in a shovel or 
compressor or diesel electric locomotive, where push 
starting is not possible. For bigger industrial 
engines above 200 H,P., compressed air starting 
(Compressed air led directly to engine cylinders thro- 
ugh engine driven distributor valve or compressed 
air to work air starter motor) is equally advanta- 
geous. Cummins L, Ruston VEB & VCB, Caterpillar 
D-364 have dependable air starting device. Int. 
Harvester has a completely different starting system 
for its engines. The main engine is first started as a 
spark ignition engine by electric or hand cranking and 
then switched over to diesel by an arrangement which 
simultaneously increases compression ratio for com- 
pression ignition and cuts off air/petrol mixture from 
entering combustion chamber. The system is quite 
acceptable upto E.D. 18 but higher h.p. E.D.24 can- 
not be hand cranked in case of battery failure and as 
such the system offers a minor advantage except Int. 
Harvester as far as UD 24 is concerned. The other 
important quality of dependibility is immunity to- 
wards non-scheduled breakdowns caused by failure or 
abnormal wear of components both major and minor. 
Normal wear and tear of components should not be 
confused with non-scheduled breakdowns. Normal 
wear and tear is co-related with scheduled life between 
overhauls which is arrived at by observing wear and 
tear of engines over a length of period. Recommended 
wearing limits from the manufacturers are taken into 
account to decide life between overhauls. However, 
due to non-scheduled breakdowns @ great percentage 
of engines do not reach scheduled overhaul life. The 
accompanying chart gives an idea of engine life and 
analysis of non-scheduled breakdowns for different 
engines. 


Since Rolls Royce NFL engines have been intro- 
duced in India only recently, sufficient idea about sche- 
duled life could not be formed; but records of these 
engines some of which have done nearly 2500 hours 
show that the engines do not suffer from any weakness 








50 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MAITHON DAM SPECIAL 


and the life between overhauls may exceed 5000 hours 
for the NFL series. Ruston VEB engines fitted to 24 
cu. yd excavator are equally dependable giving long 
life between overhuals with fairly low consumption of 
spares. As regards cost of engine sparesa comparative 
list has been drawn to give an approximate idea of 
total cost of engine spares for 12000 hours of work 
which may be taken as useful life of a machine like 24 
cu.yd. excavator ; 15-22 ton rear dumper ; 20-25 ton 
bottom dumper, 11-14 cu.yd. motor scraper, 500 
eft. mobile compressor etc. 


Conclusion 
Looking at a power unit from all the above angles 
it may be noted that one type of engine cannot fulfill 
all the needs of automotive power unit as also indus- 
trial power unit. Hence it is wise to use two basic 
types of engines for all the machines in a project. 


In the automotive range, G. M. 71 series not only 
offers maximum range (50 to 200 H.P.) but it is also 
an ideal power plant in many respects. Caterpillar 
53?” x8” cylinder power plants are again ideal for in- 
dustrial and tractor use. Hence the programme of 
standardisation of engines in a construction job in- 
volving earth moving and mobile machinery may be 
based on the following combinations :— 


1. Caterpillar 52” x8” series, G.M. 71 series. 

2. Caterpillar 52” x8” series, Cummins H. & NH 
series, 

3. Caterpillar, Rolls Royce NFL series. 

4. Only Rolls Royce NFL series. 

5. Caterpillar 53” x8’, Cat. 53” x6, Cat. 44xX 
series, 

6. Buda. 


The Caterpillar G.M. combination is perhaps the 
best among earthmoving machine manufacturers in 
America ; excavators upto 2} cu.yd. tractors upto 
30,000 Ibs. drawbar pull 10/12 cu.yd. rear dumper, 
13 cu.yd. bottom dumper, 11 cu.yd. motor scraper, 
100 H.P. motor grader, 600 cft. gyroflow compressor, 
diesel or diesel electric locomotives from 30 h.p. to 
380 h.p. (twin D-17000 generators) dewatering pumps, 
mobile welding sets, mobile generating sets upto 150 
K.W. each unit, mobile crushing plants upto 60 tons 
per hour, road transport vehicles from 5 tons truck 
to. 60 tons trailer tractor combination, mobile cranes 
and all types of other equipments can be powered by 
engines covered by this combination. However, recent- 
ly many American machines are being manufactured 


Continued from page 38 


in England for distribution in Sterling area. Euclid is 
important among them. Among such machines Rolls 
Royce NFL series which offers a wide range of power, 
can offer a very high quality porduct. Leaving out 
the supercharged models for reasons already ex- 
plained it covers an automotive range from 120 H.P. 
to 240 H.P. in kindred versions of 4,6, & 8 cylinders. 
This engine will serve as a standardised power plant 
and if equipment such as Euclid dumpers and motor 
scrapers, VR 180 tractor, C.P.T. Portable compressors, 
Scammel heavy transport etc. are selected. With a 
combination with well renowned British Perkins P 
series engines the needs for power units for lighter 
vehicles upto 5 tons and smaller industrial needs upto 
55 H.P. for pumps and welding set etc., can be met so 
that the two power units that is Perkins P and Rolls 
Royce N.F.L. can cover all the needs for internal 
combustion engines in a construction project including 
light transport, if such equipments haveto be procured 
from Great Britain. 


The cases of Buda, Hercules and other makes are 
limited because amoag the popular earth-moving and 
mobile machine manufacturers few install them in 
their machines. However, Buda is installed by ma- 
chines manufactured by Allis Chalmer Group since 
1955 and if only Allis Chalmers are selected for 
Crawler tractor, dumper and motor Scraper, Buda 
D.C. series will provide a standardised power unit. 
Buda is also offered by Bucyrus Erie in their excava- 
tors, and ‘ec’ model Le-Tournean machines. 


The use of earth-moving machines and mobile 
machinery in dam construction, road building, open 
cast mining of coal, surface mining of metallurgical 
ores and preparation of factory site will vastly in- 
crease and therefore, to obtain maximum economy of 
working these vast works an integrated planning to 
standardise equipments and their major compo- 
nents in a project and between projects will have to 
come sooner or later. The choice of correct power 
unit for these standardised equipments will have 
great influence in deciding the economics of working 
these machines. The choice of standardised equipment 
will not only depend upon their performance and 
suitability to Indian conditions but also by such import- 
ant factors as favourable trade balances with the 
country of manufacture in this changing world 
circumstances. It will also depend upon the schemes 
to mauufacture the same standardised machine and 
engines in India during the third five year plan. 


Maithon Underground Hydro Electric Power Station 


tion, is connected to the neighbouring large Calcutta 
system through a receiving station with three 
55 mVA transformers and three 20 mVA synchronous 
condensers. This will raise the combined DVC-Cal- 
cutta system capacity to 837 mW. Demands for 
additional loads are coming in. As any power system 
cannot remain static, the Corporation has plans for 


augmenting its generating capacity further in addition 
to reinforcements for the Transmission System. 
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Cummins H & HR 6000 80 Nil Nil ~—s—* Nil Nil Nil Ni 
Cummins NH. 5000 80 Nil Nil Nil 60 Nil 1¢ 
Cummins NHS. 3000 70 Nil Nil Nil Nil 10 15 
Cummins L, 8000 —— Nil Nil Nil — — — 
Caterpillar D 13000 8000 100 Nil Nil Nil Nil Nil Ni 
Caterpillar D 8800 8000 100 Nil Nil Nil Nil Nil Ni 
Caterpillar D 17000 8000 100 Nil Nil Nil Nil Nil Nil 
G.M. 6-71 (70 m.m. Inj.) 4500 80 ~—s Nill 10 ~=Nil 5 Nil 5 
G.M. 6-71 (55 m.m. Inj.) 6000 90 Nil Nil Nil Nil Nil Nil 
G.M. 4-71 (70 m.m. Inj.) 4000 80 Nil 10 Nil 5 Nil Nil 
G.M. 4-71 (55 m.m. Inj.) 5000 90 Nil Nil Nil Nil Nil Nil 
G.M. 110 series 3000 50 5 5 Nil 5 Nil 30 
Buda 6DC 844 4500 80 Nil Nil Nil 60 Nil Nil 
Buda 6DCS 844 3500 80 Nil Nil Nil 100 Nil Nil 
Buda 6 DCS 970 3000 80 Nil Nil Nil 100 Nil Nil 
Waukesha 6 WAKD 6000 60 5 10 5 80 Nil Nil 
Murphy M.E, 6000 60 Nil Nil Nil _ Nil Nil 
Hercules DFXE 4000 60 Nil Nil Nil 20 Nil Nil 
Leyland 680 5000 80 Nil Nil Nil — nae Nil 
Int. Harvester UD 14 6000 80 5 Nil Nil 20 Nil Nil 
Int. Harvester UD 18 6000 80 5 Nil Nil 20 Nil Nil 
Int. Harvester UD 24 8000 50 40 Nil Nil 20 Nil Nil 
Caterpillar D 326 5000 70 Nil Nil Nil Nil 20 20 
Caterpillar D (337 4000 70 Nil __ Nil Nil Nil 20 20 

"Note : 





A—Scheduled life between overhaul in hours does not include changing of cylinder head gaskets, repa 
summer heat and dust conditions. 
Item 1 to 15: 
Analysis of non-scheduled breakdowns in percentage between major overhauls. These items are repl 
Item 16: 
Injector failure means injector requiring replacement of spare parts and does not include cases of clea 
Item 16 to 17: 
These items should never fail. 
This sign ‘ x’ is used where particular item is not applicable to the engine. 
This sign ‘—’ has been used where sufficient data is not available. 
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Nil Nil Nil Nil Nil x x 15 x “ 30 Nil Nil 
Nil Nil Nil Nil Nil 5 x 15 * x 150 Nil Nil 
Nil Nil Nil Nil Nil x x 15 x x 30 Nil Nil 
30 30 2 30 30 x x 100 x x 30 Nil Nil 
Nil 20 Nl 20 Nil Nil Nil — Nil 30 100 Nil 
Nil 20 Nl 20 Nil Nil Nil — Nil 30 100 Nil 
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Nil 20 Nil 20 Nil Nil Nil Nil x 4 100 Nil 5 
Nil 20 Nil 20 10 4 Me 20 Nil — 40 Nil Nil 
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Nil Nil Nil Nil 10 Nil Nil Nil 50 Nil 30 Nil Nil 
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ets, repairing of fuel injection system, water pump & fan. Working conditions extremely severe from the point of view of 


are replaced or re-conditioned during major overhaul and not expected to fall in service. 


s of cleaning and adjusting. 
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Cummins HB-400 44 4 6 448 NA x 100/1800 62/1600 
Cummins HB-600 46 43 6 672 NA. x 150/1800 93/1600 
Cummins NHB-600 4-6 5} 6 743 N.A. x 200/2100 130/1800 
Cummins HR-600 4-6 5h 6 3 EX x 165/1800  105/1600 
Cummins HS. 4-6 4} 6 672 P.C. _Roots 200/1800  130/1600 
Cumins HRS. 4-6 54 6 743 P.C. Roots 225/1800 140/1600 
Cummins N.H.S. 4-6 5} 6 743 P.C. Roots 275/2100 175/1800 
Cummins N.T. 4-6 54 6 743 P.C. Turbo 262/2100 170/1800 
Cummins NRT. 4-6 5} 6 743 P.C. Turbo 300/2100 200/1800 
Cummins VT. 4-12 5} 6 1486 PC. Turbo  600/2100  440/1800 
Cummins L. $6.5 10 24772 NA. x 310/1100 240/100 
G.M. 6-71 2-6 4} 5 425 BS. Roots  216/2300 45/1800 
G.M. 4-71 2-4 4} 5 284 B.S. Roots 143/2300 96/1800 
G.M. 3-71 2-3 4+} 5 213 B.S. Roots 100/2000 72/1800 
G.M. 2-71 2-2 +} 5 142 BS. Roots 65/2000 48/1800 
G.M 110 2-6 4} 6 B.S. Roots  275/2000  —220/1800 
Turbo. 
Caterpillar D-339 4-4 5} 8 831 N.A. x, 125/1200 110/1200 
Caterpillar D-342 46 53 8 126 NA. x  190/1200 —165/1200 
Caterpillar D-17000 48 53 8 1662 ° N.A. x 200/1000 180/1000 
Caterpillar D-364 48 52 8 1662 NA. x  250/1200 —-220/1200 
Caterpillar D-375 48 53 8 1662 P.C. Roots  325/1300 285/1200 
Turbo 
Caterpillar D-326 46 865 6} 80 NA. x 186/1800  125/1600 
Caterpillar D-337 46 5} 64 805 PC. Turbo  265/1800 — 175/1600 
Caterpillar D-315 44 4} 540 350”té‘«‘SNV.AA«j x 70/1600 60/1600 
Caterpillar D-318 46 4) 5} 525i‘. x 102/1600 90/1600 
Buda DC 844 4-6 5} 64 844 N.A. Xx 180/1800 125/1600 
Buda DCS 844 4-6 5} 64 S44 P.C. Roots 225/1800 150/1600 
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| Datas of Engines under discussion 
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62/1600 Wet C.I 2x2 1-1 Own 24V-E D.R. C.LI. F.F.& Water H.G. U.S.A. 
93/1600 Wet Cl 2x3 11. Ow 4V-E DR. CLI Fre Water HG. USA. 
30/1800 Wet AA’ 2x3 22 Own 24V-E DR GLI riré Water HG. USA. 
05/1600 Wet A.A. 2x3 1-1 Own 24V-E DR. C.LI. FS Water HG. USA. 
30/1600 Wet AA. 2x3 1-1 Own 24V-E DR. CLI. Fre Water HG. USA. 
40/1600 Wet AA. 2x3 1-1 Own 24V-E DR. CLL Fre Water HG. USA. 
75/1800 Wet AA. 2x3 2.2 Own 24V-E DR. CLI. FrS Water H.G:° USA. 
70/1800 Wet AA. 2x3 22 Own 24V-E DR. CLL rié Water HG. USA. 
00/1800 Wet A.A. 2x3 2-2 Own 24V-E DR. CLI. on Water HG. U.S.A. 
40/1800 Wet A.A. 2x6 2-2 Own 24V-E DR. CLI. oy Water H.G. “U.S.A. 
240/100 Wet AAS tne Own Air =, OL: FF Water HG. U.S.A. 
[45/1800 Dry 8S 4x1 1-1 Own 12V-E D.R.' C.LI B.P Water H.G. U.S.A. 
96/1800 Dry CI 4x1 1-1 Own 12V-E DR. OC.LJI. B.P. Water H.G. USA. 
72/1800 Dry OL = Set "as Own 12V-E DR. CLI. BP.’ Water HG USA. 
48/1800 Dry C.I. 2x1 1-1 Own 12V-E B.S: “SF. B.P. Water H.G. U.S.A. 
20/1800 Dry oe 6x1 1-1 Own 24V-E DBs Ci.2. B.P. Water H.G. U.S.A. 
10/1200 Wet AA 2x2 1-1 Own 2C-PS Own AL. F.F. Water H.G. USA. 
65/1200 Wet A.A. 3x2 1-1 Own 2C-PS Own ALL. F.F- Water H.G. U.S.A. 
80/1000 Wet AA. 1x8 1-1 Own 2C-PS Own ALL. F.F. Air H.G. U.S.A. 
20/1200 Wet A.A. 2x4 1-1 Own 20-PS Own ALL. F.F. Water HG. USA. 
85/1200 Wet A.A. 2x4 1-1 Own 20-FS Own ALL. F.F. Water HG. U.S.A. 
25/1600 Wet A.A. 6x1 1-1 Own 2C-PS Own ALL. F.F. Water H.G. U.S.A. 
75/1600 Wet A.A. 6x1 1-1 Own 2C-PS Own ALL. F.F. Water HG US.A. 
60/1600 Wet A.A. 4x1 1-1 Own 2C-PS Own ALL. F.F. Air H.G. US.A. 
90/1600 Wet A.A. 6x1 1-1 Own 2C-PS Own AL. F.F. Air H.G. U<S.A. 
25/1600 Wet A.A. 3x2 1-1 AB. 2V-E DR. CLI F.F. No. H.G. US.A. 
50/1600 Wet A.A. 3x2 1-1 AB. 2V-E DR. CLI. F.F. None -H.G.: USA, | 
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MAKE & MODEL 
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OF oo 2 3 + 5 
Buda DC 970 4-6 58 64 970 
Buda DCS 970 4-6 5 64 970 
Buda DC 1879 4-6 63 8? 1879 
Hercules DJXB 4/6 5 6 707 
Hercules-DFXE 4-6 54 6 = 895 
Rolls Royce 4 NFL 4-4 5} 6 495 
Int. Harvester UD 14 4-4 43 64 461 
Int. Harvester UD 18 4-6 4} 64 691 
Int. Harvester UD-24 4-6 53 7 1091 
Murphy ME-66 4-6 6 64 1103 
Murphy ME 660 4-6 6 64 1103 
Murphy-6 4-6 52 64 1013 
Waukesha 6 WAKD 4-6 6% 64 1197 
Rolls Royce 6 NFL. 4-6 54 6 743 
Rolls Royce 8 NFL 4-8 5} 6 990 
Rolls Royce 4 SFL 4-4 54 6 495 
Rolls Royce 6 SFL 4-6 5} 6 743 
Rolls Royee 8 SFL. 4-8 54 6 990 
Perkins P-3 4-3 34 5 1443 
Perkins P-4 4-4 34 5 192.4 
Perkins P-6 4-6 34 5 288.6 
Leyland 680 4-6 5 5 677 
Leyland 900 4-6 54 64 927 
Ruston 5 VEB 4-5 10} 144 
Ruston 5 VOB 45 83 103 
8.80 engine. 4-4 5} 8 831 
Yavalaski 2-4 4} 5 284 
Yavalaski 2-6 4 5 425 
D.T. 54 engine 4-4 co — 7.45 

litre 
Maz. 525 enine 4-12 6 7§ 2503 


N.A. 


N.A. 
N.A. 


P.C. 


N.A. 
N.A. 


N.A. 
N.A. 


PC. 
P.C. 
P.C. 
N.A. 


N.A. 


N.A. 


N.A. 
N.A. 
N.A. 
N.A. 
N.A. 


BS. 
BS. 


N.A. 


N.A. 





7 8 
x 208/18! 
Roots 280/18 
x 222/111 
x 190/211 
x 228/211 
x 133/21 
x 79/14 
x 131/16 
N. 191/13 
x 165/12 
Roots 180/12 
x 150/12 
x 225/16 
x 200/21 
x 266/21 
Roots 166/21 
Roots 250/21 
Roots 330/21 
x 41/24 
x 55/24 
x 83/24¢ 
x 150/20 
x 200/18: 
x x 
x a 
x ined 
x 190/20 
x 125/20 
x eee 
x 475/186 
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8 9 10 1 12 | 13 14 15 16 17 18 19 20 21 
208/1800  150/1600 + Wet AA. 3x2 Ll AB. 4V-E DR. GLI FF. None HG. USA. 
280/1800  180/1600 Wet AA. 3x2 1-1 AB. 24V-E DR. - CLI. FF. None HG. USA. 
222/1100 186/1000 Wet BAL: ° 2x3 1-1 AB: 4C-PS Willys CLI FF None HG. USA. 
190/2100  136/1600 Wet Ad: 9x9 1.1 AB. 2V-E -DR. CLI FF. None HG. USA. 
228/2100 1170/1800 Wet AA. 8x2 1-1 AB. 24V-E DR. CLI. FF. None HG. USA. 
133/2100 90/1800 Wet AA. 2x2 11 OV.A. 24V-E Simms. CLI. FF. Water HG. USA. 
79/1400 60/1400 Wet AAS 4e8- 2a Own Hand DR. CL. FF. None HG. USA. 
131/1600 1100/1600 Wet AB Sea 44 Own Hand DR. CL. . 9 Nee 8S. DRA. 
191/1375 144/1875 = Wet AA? 8x2 Ll Own 24V-E DR? OL FF None HG USA 
165/1200 150/1200 Wet CI. 6x1 2-2 Own 2V-E DR. CL. F.F. Water Bevel U.S.A. 
180/1200 1665/1200 Wet CL 6x1 22 Own SVE DR. CL. FF. Water Bevel US.A. 
150/1200  135/1200 + Wet CI 6x1 22 Own SVE DR. OL. FF. Water Bosal US.A. 
225/1600  180/1400 Wet ha axa (12: ABS DRO OLL OR Wee Be Pe 
4C-PS__ Ick. 
200/2100 135/1800 Wet A.A. 3x2 1-1 C.A.V. 24V-E Simms C.L.1. F.F. Water HG. GB. 
266/2100 1180/1800 Wet AA. 4x2 1-1 GAY. 24V-E Simms CLI. FF. Water HG. GB. 
166/2100 1120/1800 Wet AA. 2x2 1-1 GAV. 24V-E Simms CLI. EF. Water HG. GB. 
250/2100  180/1800 Wet AA. 3x2 11 CAV. 24V-E Simms CLI. FF. Water HG. GB. 
330/2100 240/1800 Wet A.A. 4x2 1-1 C.A.V. 24V-E Simms C.L.I. F.F. Water HG. GB. 
41/2400 28/1800 ~—Ss Dry AA. ~8xl 11°. .CA¥. 190-8. CAV... C4. DR 4s “ek GE: 
55/2400 38/1800 Ss Dry AA °4x1 1-1 > CAV. 13V-E GAY. OL 9 Bw. x Chan GB. 
83/2400 56/1800 Dry AA. 6x1 11 GAY. 12V-E GAV. CL FF x Chain GB. 
150/2000  115/1800 ~—— Dry AA. 3x2 11 GAV. 2@V-ECAV. CLI EF. x HG. GB. 
200/1840 1650/1600 = Dry AA. 3x2 11 GAV. @VE GAV. GLI FF. xo 2. am 
x 300/500 Wet C.I. 1x5 1-1 Own Air Own Babbit None None Chain GB. 
— 187/600 Wet 53 63 1x5 1-1 Own = Air Own Babbit None None Chain GB. 
i 120/1200 Wet AA. 2x2 Ll Own 20-PS Own Babbit FF. Air HG. USSR 
190/2000 1130/1600 ~—s Dry CI. 4x1 22 Ow 12V-E —: OLI EEF. Water HG. USSR 
125/2000 90/1600 Dry CI. 6xl 22 Own 12V-E — CLI. FF. Water HG. USSR 
hoor 54/1300 Wet AA. 4x1 Ll — 1C0-PS Own Babbit FF. Air HG. USSR 


475/1800 300/1700 Wet A.A. 3x4 1-1] — 24V-E — C.L. F.F. Air H.G. USSR 











The Maithon Dam and Hydel Station 


Location : On Barakar river in Dhanbad District 16 miles by road north west of Asansol, 25 miles by road 
east of Dhanbad and 8 miles above the confluence of Barakar with the Damodar. 


THE River Basin 
Drainage area me - = ae .. 2,480 Sq. miles. 


INFLOW 
Maximum (1949) are si ae av .. 250,000 Cusecs. 
Minimum Nil 


ANNUAL RAINFALL OVER THE CATCHMENT 
Maximum ‘is i es Bs .. 70 inches. 
Minimum ae i a ms. .. 30.5 inches. 
Average .. a - - ws .. 49.0 inches. 


RESERVOIR. 

Area submerged at design flood stage (E1].504) Ba .. 28,400 Acres. 
Length of back water .. ne S is .. 15 River miles. 
Maximum Reservoir level (Top of Gates) on ia .. El. 500 

Gross Storage Capacity (El. 500) ia ‘a .. 1,104,000 Ac.ft. 
Flood Control Reserve (El. 500 to El. 480) .. is .. 440,000 Ac.ft. 
Monsoon Storage capacity (E1.435-E1.480) ‘s .. 496,000 Ac.ft. 
Dead Storage capacity (below El. 435) i? 7. .. 168,000 Ac.ft. 


THE Dam 
Main Earth Dam : 
Height : above river bed * aN m4 «. | ORS. 
Length a Pa e int .. 2061 ft. 6 inches. 


Earth Dyke 
Right dyke - s - - .. 6209 ft. 
Left dyke uA wih a _ .. 6329 ft. 
Breaching dyke os ‘4 - es .. 924 ft. 


Concrete Spillway i iv ae as .+ Git. 
Non-over flow dam : 
Right Abutment Me eS a ~ .. 395 ft. 6 inches. 
Left Abutment sd si fe oF .. 175 ft. 6 inches. 
The dam overall total length ‘8 oa a .. 15712 ft. 6 inches. 


Width of Dam (Max. at Base) 
Spillway section only me ne ie 2 
Including bucket ie be £o sa ee 
Main earth dam . - oe re .. 1031 ft. 
Upstream Clay blanket as nea is .. 272 ft. 


Spillway 
Crest gates Tainter type, each 41’/°W x 40’H th s. , 12 Nos. 
Discharge capacity over spillway (E1.500).. is .. 480,000 Cusecs. 
Sluice gates each 10’H x 5’-8’”W. as ge .- §& Nos. 
Discharge through under sluices (E1.500) Ay re .. 19,000 Cusecs 
Spillway Crest si = a re .. E1.460 
Top of Gates sh ae is - .. E1.500 
Sill level of undersluices a = ai .. E1.392.0 
Width of roadway at top aM re oe oo Bo Et. 


ToTaL QUANTITY OF EARTHWORK IN DAM 
Main earth dam ie ba ae =e .. 93.844 Million Cu. Yds. 
Right dyke = - oh ae eee. | ee i 
Left dyke me as ee Be .. 0.186 ; - 


Total Earth Dam .. - 4.560 








or 
Ww 


Excavation from Diversion Channel 
Borrow from Borrow Area 


ToTaL QUANTITY OF CONCRETE IN DAM 
Spillway, abutment training wall etc. 


PowER Dam 
Max. Power Pool 
Max. Tail Water ; 
No. & Size of Penstocks 
PowER PLANT 
Power house eri 
Number of Generating Units 
Installed capacity ‘ 
Maximum head on Turbines 
Expected Hydro Electric Power 
Generating Voltage 
Stepped up to te 
Further stepped up to.. 
SALIENT FEATURES 
Main Earth Dam 


(1) Type Rolled fill 


Zoned 

Embankment. 
(2) Length. 2061’ 6” 
(3) Maximum height. 162’ 


QUANTITY OF WoRK 
(1) Earthwork in Em- 
bankment. 
(2) Riprap. 
(3) Rock fill. 


3.83 Million Cu. Yds. 
54,500 Cu. Yds. 
628,887 Cu. Yds. 
(4) Filter Blanket. 26,500 Cu. Yds. 
MairHon Project (EstIMateD Cost). 
Xs. 
(Lakhs). 
Dao : 
35.70 
258.06 


A. Preliminary 
B. Land 
C. Works. 


Diverson Tunnel 37.94 
Diversion Channel 62.64 
Earth Dam 207.82 
Concrete Dam 245.36 
D. Spillway & Sluices Equipment 47.59 
K. Buildings 77.00 


Continued from page 44 
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1.450 a $s 
3.683 és es 


0.317 Million Cu. Yds. 


El. 480 
El. 370 
3 Nos x 14 ft dia each. 


234 ft. x 45 ft. 4" x 70 ft. 
3 Nos. 

3 Nos. 20,000 k.W. each. 
127 ft. 

176 m.k.W. hrs. annually. 
11 k.V. 

33 k.V. to Sub. Station. 

132 k.V. before transmission. 


Right Dyke Left Dyke 
Rolled fill Rolled fill 
Homogenous Homogeneous 
Embankment. Embankment. 
6209’ 53297 
§2’ 36’ 


0.534 Million Cu. Yds. 0.186 Million Cu.Yds. 
17,500 Cu. Yds. 6,400 Cu. Yds. 


29,100 Cu. Yds. 18,377 Cu. Yds. 


O. Miscellaneous 94.13 
r. Maintenance 5%] 11.76 
Q. Special Tools & Plant 246.86 


1324.86 
100.00 

= 20.00 
. »(-)178.63 


Total I. Works 


II. Establishment 
Ill. Tools & Plant 7 
IV. Receipts & Recoveries 


Total Dam & appurtenant works 12,66.23 


DVC Central Workshop 


The Workshops which have been used for produc- 
tion jobs requiring technical skill, though initially 
handicapped by the dearth of skilled staff, have 
succeeded in training up their own personnel who are 
now well versed in different techniques of workshop 
and welding work. It is a matter of gratification that 
this onerous task has been performed entirely by 
Indian staff in all ranks. The strength of the Work- 
shop is 560 inclusive of officers, workmen and staff. 


It is to be appreciated that no power dam can be 
constructed without a well established workshop. 
Similarly, no workshop can run efficiently unless it is 
properly planned and backed by well provisioned 
stores from the beginning. Our Workshop was thus 
handicapped as its set-up was not well thought-out 
originally. It thus lacked ideal planning. It is experi- 
ence alone which can attain more perfection in our 
future. 


It is a fact that the future of the Workshop is not 
definitely known yet. But in view of the emphasis 


laid in the Second Five-Year plan on the development 
of heavy industries, it is expected that the importance 
of this Workshop also will continue to be recognised. 


With a sense of national spirit, the Workshop has 
done the best. All the distinguished visitors from the 
various parts of the world particularly from the Cen- 
tral and State Governments and Steel Plant Organisa- 
tions who have honoured this Workshop by their 
august presence, have highly appreciated its activi- 
ties, and some of them have been pleased to record 
their appreciation. It will not be an exaggeration to 
say that it will be in the interest of nation to try to 
develop it further and make it an industrial potential 
in the Second Five Year Plan. 


Thanks are also due to Mr. A. M. Komora, the 
Chief Engineer, Damodar Valley Corporation but for 
whose efforts and unstinted guidance and support, 
the Workshop could not have achieved so much 
success. 


Editorial 


DVC enters a new stage 


Maithon is truly a landmark in the history of 
dam engineering in India. Its design is complex 
because of some intricate problems involved. But 
the design-work of Maithon was perfectly exe- 
cuted, as Mr. Komora puts it. The decision to get 
the design prepared in India under expert foreign 
supervision has more than justified itself. It has 
considerably helped Indian engincers in gaining first- 
hand experience in design work of such complexity 
which will stand them and the country in good 


stead. 


The construction of the first underground hydro- 
power station in South East Asia has also been 
an achievement of some significance, not to mention 
the erection of the largest crest gates in India. 


The contributions published in this issue written 
by those who have taken leading part in the cons- 
truction of this Project describe succinctly, though 
briefly, the various aspects of the magnificent work 
that now stands before us as a challenge to Nature’s 
depredations. It will be evident from even a cursory 
glance through them that although the project bears no 
comparison with the larger projects in India in terms 
of magnitude and volume, it provides a great and 
rich fund of new technical experience in engineering 


to India. 


With the completion of the Maithon Dam, only 
the Panchet Hill remains the last of the first phase 
of the Damodar Valley Project. Meanwhile the DVC 
as an idea in autonomous authority itself is being 
seriously questioned. As a matter of fact, side by 
side with the construction of dams, what was being 
experimented with was this principle of autonomous 
authority in valley project administration. Mr. Rau, 
the present Chairman of the DVC, had been actively 
associated in the past in making an assessment of the 
DVC experience from this point of view. He has 


been definite in his opinion on this issue, as recorded 
in the Report he submitted. In his present contribu- 
tion he has touched on another vital aspect of the ex- 
periment, namely, that the Valley Authority should 
be empowered to promote the development of the 
resources of the valley as a whole, not merely in 
law but also in actual practice. He does not 
of the DVC as a mere dam-building 
organisation. Now that a stage has been reached 
when major constructional work is over and the 
corporation idea is undergoing a fresh reappraisal, 
we hope that all the three basic elements which 
constituted the TVA-inspiration will be given proper 


conceive 


consideration. These elements are: 


(a) Integral and unified approach to resource 
development of the region. 

(6) Autonomous authority to undertake this task. 

(c) The authority to work in close cooperation 
with state and local authorities and with the people 
of the region and their genuine organisations. 


As has been very ably pointed out by Mr. Rau 
in his article, DVC must be conceived in a broader 
socio-economic outlook than hitherto. He has befit- 
tingly chosen the illustration of the role of soil con- 
servation in the area. Soil Conservation is not only a 
colossal task but also an urgent one, even if the 
meagre life-span of the dams in the area have to be 
maintained and extended. Can it be left tothe present 
slow pace of the State organizations which have no 
direct responsibility to maintain the dams down- 
stream? To be true, the DVC and the country 
having been so long busy with the engineering 
aspects, the agricultural, forestry and industrial 
components of ‘‘resource development”’ had remained 
considerably neglected. It is to this aspect that the 
DVC should now turn its attention. But for that, it 
needs understanding and encouragement from the 
leadership of the country, both at the Federal as 
well the regional levels. 
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Sh kK MADE IN GERMANY 


AUTOMATIC OIL IMMERSED 
MOTOR CONTROL 


CONTACTOR TYPE WITH PUSH BUTTONS 7 
FOR A, C. SQUIRREL CAGE INDUCTION MOTORS 7 










e 
DIRECT ON 


s 
STAR DELTA 


SWITCH & FUSE GEAR 
upto 
500 VOLTS, 400 AMPS 





20to 75 H.P 
2 





Prompt Delivery 
BASANT PRAN & CO. 
9, OLDCOURT HOUSE STREET CALCUTTA-1 
6, EAST SADAR THANA ROAD, DELHI-6 
OPP..G.P.0. KOTHARI MANSIONS, BOMBAY-1 


MANUFACTURED BY 





9, OLD COURT HOUSE STREET, CALCUTTA-1 





Yi, YU , 
PP. $./6.P.1/57 












BASANT PRAN & CO. 

















Over a Century of Activity 


OFFICINE ELETTROMECCANICHE GALILEO-ITALY 


the very name guarantees quality and service. 


Pioneers and specialists in the manufacture of switchgears, minimum 
oil circuit breakers, Instrument Transformers, Disconnecting Switches, 
Control Panels, Fire Prevention equipment for Generating Stations, etc. etc. 


Recent achievements include contracts for the supply of Instrument 
Transformers to D. V. C., 132 kV Switchgear equipment to M. P. Electricity 
Board etc. etc. 


CONTACT 


KAMANI ENGINEERING CORPORATION LTD. 


BOMBAY . CALCUTTA - NEW DELHI - MADRAS. 

















er 








P 
's 


‘358 EXCAVATORS 
built for the toughest digging 





with Magnetorque Electric Swing! 


For the most punishing power shovel work — digging and loading 
rock —the P & H Model 955-A sets new records for speed and stamina, 
An outstanding example of advanced engineering, this excavator is 
equipped with the Magnetorque swing, which eliminates troublesome 
friction clutches —produces 20% faster —lasts the life of the 
machine. The P&H Model 955-A is a sound investment for big 
construction jobs, open pit mining and quarrying. 


Manufactured by HARNISCHFEGER CORPORATION U.S.A. 


Sole Distributors: 


VOLTAS 





VOLTAS LIMITED 


Bombay - Calcutta - Madras - New Delhi - Cochin - Bangalore — Lucknow - Ahmedabad - Secunderabad 





ARE helps 
OWEN Bhilai! 


In various nation-building activities which thrust new India 
forward, Bhilai Steel Works will make a major contribution. 
To complete the project, electricity in millions of watts is 
required—and the Korba Power Station 100 miles away will 
supply it. 

EMC is proud of its share in this achievement, as it is supplying 
ACSR Conductors, Steel Ground Wire with all Accessories and 
Tools for the 1,32,000 Volt Double Circuit High Tension line 
which will carry the power from.Korba to Bhilai, 


AZRIE xx. Jessore Road, Calcutta-28 


Representing ; ELECTRICAL MACHINES CORPN. PRIVATE LTD, 
ELECTRICAL MANUFACTURING CO., LTD. 
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